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ABSTRACT 


The distribution of inventory demand over procurement 
leadtime is modeled using nixed probability distributions 
mia explicitiy account for the high incidence of zero 
demands observed in Inventory Control Point Demand History 
Files. Analysis was limited to the right-hand tail area of 
the distribution on the assumption that that arsa is of crit- 
ical importance in determining the effectiveness of an inven- 
tory system. Probabilistic models studied were: 1) 
Bernoulli-exponential, 2) Bernoulli-lognormal, and 3) 
Bernoulli-logistic. These compound distributions were ccn- 
pared tc several standard distributions including the Pois- 
son, negative binomial and normal distributions using a 
resampling procedure appropriate in cases such as this where 
@ paucity of data exists. Fits obtained from the 75th to 
95th percentiles indicated «he mixed distributions may be 
Superior as a class to the standard distributions for kigh- 


demand items. 
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I. INTRODUCTION 

Inventory system performance! in a situation with random 
demand depends upon reorder point? computations. Reorder 
point computations depend upon the probabilistic model chosen 
+o represent the inventory system in that the reorder point 
is composed of two parts: 1) [Phe expected demand during a 
procurement leadtime and 2) The safety level? determined fron 
the probabilistic model of demand over leadtime. Probabilis- 
ic models are generally only utilized to represent demand 
over procurement leadtime since that is the only time period 
when stockouts* potentially occur. The chosen distribution 
is then a conditional distribution given procurement lead- 
tine. The Navy has historically used three distributions of 
demand for models utilized at the Inventory Control Point 
(ICP) echeion of the Navy Supply System. The current proba- 
bilistic models and the average annual demand that is used to 
determine which model to utilize are displayed in Table 1.5 

1See Appendix A for definition of "System Performance". 

2See¢ Appendix A for definition of "Reorder Point". 

3See Appendix A fer definition of "Safety Level". 

Ssee Appendix A for d=finition of "Stockouts™. 


>The Aviation Supply Office (ASO) has recently changed <o 
the use of the normal distribution as the model of choice for 





TapremiweGUrtent inventory Control Point 


Probabilistic Demand Over Leadtimne Models 


Average Annual 
Distribution Demand Range 
Poisson O - 1 Low 
Negative Binomial 1 - 20 Mediun 
Normal yao hegh 


If the actual quarterly demand records for an ICP are 
examined, one striking characteristic that is present in 
nearly all records is the high incidence of zero observa- 
tions. This is not surprising when one considers the ¢ch- 
eloning of the supply system and the fact that users only 
place a demand on the wholesale system as their reorder 
points are reached. Since most activities stock at least one 
quarter's expected demand for an item, reorders are expected 
at most four times a year. By the natural phase differences 
of each activity's reorder actions, the ICP may experience 
zero demands during a given quarter for even high-demand 
items, and will surely often experience quarters of zero 
demands for medium- and low-demand items. A previous study 
of Pacific Fleet Combat Stores Shipst demand data {Ref. 1] 


found that the frequency of zero observations in those demand 


all demand categories. Ships Parts Control Center (SPCC) 
still uses ali the distributions in Table 1. 
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records appeared to have a low correlation with the overall 
demand level (i.e. high, medium or low).® 

A desirable model for an inventory system should compute 
reorder levels that accurately correspond toc a specified 
stockout risk based on the level of actual or anticipated 
demand for ¢ach item. If such a model were available, the 
inventory system could avoid the added expense of either hav- 
mag tOO much or too little stock. One problem with the dis- 
tributions in Table 1 is that none can account for «he 
probability mass at zero; therefore, none can accurately con- 
pute reorder levels. 

This study explores the use of compound probability mod- 
els and their potential ~O more accurately achieve the goals 
presented above by explicitly accounting for the probability 
mass at zero. The results obtained should be considered as a 
first step in the exploration of a class of models which have 
heretorore received little attention in the contex+ of model- 


ing inventory demand. 


moee Section [L.-B.1 for a more detailed discussion of 
this study. 


71 





A. CURRENT MODEL SELECTION TECHNIQUES 

In the past, the usual appreach of choosing the probabi- 
listic modél for lead time demand was based on matching the 
empirical cumulative distribution function determined from 
the actual demand to various theoretical cumulative distribu- 
tion functions. The shapes of the two curves are compared 
using the Kolmogorov-Smirnov Statistical Goodness of Fit 
test.”7 The Chi-Squared test has historically not been used 
because 1t is not very powerful when the number of observa- 
tions is small {supply demand data is retained for a+ most 
twelve quarters and usually only eight quarters at the ICP 
level). The Kolmogorov-Smirnov test provides only a relative 
measure of goodness of fit, but = is usable with very small 
Sample sizes. The goal then is to select the nodel with the 
best agreement between th2 empirical and theoretical cunula- 
feve distribution function curves. 

The Navy Fleet Material Suppert Iffice (FMSO) has uti- 
lized the above Kolmogorov- Smirnov test to svaluate several 
theoreticai distributions. Most recently (Ref. 2] FMSO 


7A good description of the Kolmogorov-Snirnov one and 
Eye-sample testsemaay be found in Siegel, S., Non Parametric 
Peete stics, p.47-52 and 127-136, McGraw Hill, 1956. 
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evaluated seven distributions® at the 90% confidence level 
using demand data from NAS Brunswick. The use of demand data 
from a stock point vice an ICP assumes the underlying demand 
behavior at the stock point and ICP are similar. Though this 
was never validated directly, the NAS Brunswick demand data 
were deemed to have “unique qualities better suited for 
demand analysis" as follows: 

1. Twelve quarters of damand and demand frequency data 
were available per item, 50% more than available in ICP 
files, 

2. New item identifiers that permit the selection of only 
steady state demand items were available, 

3. Reliability of the data was established from prior FMSO 
studies. 

The FMSO analysis showed that Navy demand patterns are 
yery poorly modeled by any of the seven distributions stud- 
led. No new models were proposed and no attributes of the 
demand patterns were indicated as the most significant factor 
in the failure of the standard distributions to model Navy 
demand patterns. 

There are several problems with the way «he Kolmogorov- 


Smirtnev test was used in the FMSO study: 


SDistributions tested were: Normal, Negative-Binonial, 
Poisson, Logistic, LaPlace, Gamma and Uniform. 
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imernes procedure 1S not strictly applicable in the case of 
discrete distributions such as the Poisson and negative 

inomial. 

2. The test assumes that the parameters of the distribu- 
tion being tested are completely specified in advance, 
i.e. not estimated from the data. (iewieiactions [ Ref. 3] 
developed alternate tables for us@2 in testing the expo- 
nential distribution when parameters are 2stinated fron 
+he data. This procedure was used in Reference 1.) 

3. The Kolmogorov-Smirnov test evaluates goodness-of-fit 
over the entire range of the distribution. Por inven- 
onvpEobLe Sethe wesc. On sot greates> antsres<: is the 


mogue~yand tari of the distribution. 


Semen ViOUS RESEARCH 

Research into distributions which have properties that 
more closely model actual demand patterns has been very lin- 
ated and, when conducted, often did not explore anything but 
the usual standard distributions. Two projects though stand 
Out because of theizr innovative use oF non-standard distribu- 
tions and the good fit achieved. 

1. Bernoulli-exponenti 

In Reference 1, Pacific Fleet Combat Scores Ship 


demand was modeled using the mixed Bernoulli-exponential 
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distribution. This distribution was chosen because it was 
observed that nearly all line items had an unusually high 
occurence of demands of zero. Analysis of the data indicated 
that with high probability, the number of non-zero observa- 
tions for a given item was unrelated to *he average value of 
those non-zero observations. The conclusion was that «the 
demand process could be thought of as two independent subproc- 
esses with one process determining whether a demand would 
occur or not and the other determining the guantity of the 
demand, given the demand did occur. The former process was 
modeled as a Bernoulli process with parameter p, p being the 
probability that a demand did occur. The latter process was 
modeled as a continuous exponential process based on explora- 
Mmemy Gata analysis. The resulting probability distribution 
function for the number of units demanded in a leadtime for 


the Bernoulli-exponential distribution is given by: 


= je. 7 XxX = Q (1) 


Diet op l- A, x 20, 


* 


—wt 
NX 
= 

] 


the expected value of demand, given that the 
demand is greater than zero. 


Pechbapetity that demand does occur. 


rm 
J 
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The complementary cumulative distribution function is given 


by: 
Heejeaaeo ck (~ AX) 4 6X 2 0, (2) 


where H(x) is the probability that damand will not exceed x; 
this is equivalent to the complementary cumulative distribu- 
Myon function used by Hadlay and Whitin [Ref. 4]. 

The hypothesis that the demand of Combat Stores Ships 
could be modeled according to the above probability distribu- 
tion was tested using the <olmogorov-Smirnov test described 
earlier plus tests on the theoretical risk and the observed 
risk for values of risk in the upper right hand tail area of 
the distribution. The results of these tests on five inde- 
pendent samples from the demand data available provided 
strong evidence that the Bernoulli-exponential distribution 


describes the demand for any given stock item very well. 





A model for the distribution of demand during pro- 
curemen+ leadtime [Ref. 5] was derived under the following 
assumptions: 

pee ReGuUIiSitions occur according *9 a stationary Poisson 
Process, 


Pee Requisition sizes follow a logarithmic distribution, 
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Ce 


Leadtime is a random variable with the gamma 


GUStr wots one 


mae, ©esuiting probability function for the number of units 


demanded 


8 
h(x) = te 
and 
B 
h(0) = 
where: 
a 6 
Q 
r 
Cc 
Sx k 


Madu boagtoancs. Ss: 


(3) 


a ke : Ys. 


fOr. =x 


k=] 


ligetces 29 ee 


parameters of the Gamma distribution defining 
leadtine, 
Pamzametereaeor the logarythmic distribution 


solved for by interval bisection fron 


Peer 7 ete GO) 1a (1 = 6), 
requisition arrival rate, 
as F// vee, 1 es 8)), 


Stirling numbers Of the Eirst kind computed 


from the recursion 


Sk Season (es Sor 
NOM il me cgeee , X 2nd x = 1, 2, <«-s 
@#ith Sx 9 =) £Or sal. (x 
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PRis distetbution is called the Logarithmic-Poisson-Ganaa 
(LPG). It is defined from four parameters a, 8, 9, andr 
(6 and A determine c). 

For more efficient computations, a recursion equation 


for integer awas developel. 
Be),* axe (4) 


9 
eee ce VE ay 7 = NTL y! 


OQ 
t 


9 lie ANOS) 
and 0, c, a, 8 and A defined aS in (3). 

Computing reorder points from fractiles of the LPG 
distribution, even using the simplified version of (4), is 
generally too time consuming for many real applications. As 
@aresult, an approximation was developed and tested that+ used 
@escaled version of the Poissen distribution to approximate 
fmeeenegative binomial distribution. The resulting approxina- 


mon is: 


(oR? ep aaa Fy he g . u ‘ (5) 
P{Z(t) = Kx} = cre cee enn [ ----- | ----- 
x!i(a- 1)! Loa sy Pe 
Otek, (SUOg. Wy ly. caus 
where; 
Z(t) = number of units déemand2d in time t 
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H= cO 
Ceesgemc ala © detined aS in (3). 

The authors conducted subjective tests of goodness of 
fit to their LPG model and its derivatives using Air Force 
consumable items and concluded, using as an example one iten, 
that there was a "very close agreement between the observed 


om@eetne predicted cumulative distribution functions for this 


item." 
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A. COMPOUND BERNOULLI MODELS IN GENERAL 

The results of the previous research indicate that a 
potential exists for improving inventory performance by the 
use of slightly more complex models. The focus of this study 
is on the compound Bernoulli models, leaving further analysis 
of the LPG model and its d@rivatives to others. The use of 
compound Bernoulli models has several advantages over stan- 
Merd simple distributions: 

1. The model, by necessity, has an added parameter whose 
sole function is to estimate the probability of a non- 
zero demand. 

2. For simple models defined only over the positive real 
numbers, the addition of the Bernoulli parameter simply 
results in the scaling of the cumulative distribution, 
mmus adding dattle additional complexity to the nodel. 

Bee BY Sxplicitly accounting for zero demands, compound 
mcdels account for more of the observed variance than 
do simple nodels. 

Compound models are not without disadvantages: 
1. Each parameter added to the model must be estimated for 


each individual stock item. For a large inventory 


20 





system such as the Navy's, this equates to considerable 
additional computational requirements. 

2. Additional parameters must be stored for future 
retrieval or else computed from stored data when 
reguired, thus either extending computational time or 
else requiring additional online storage space. 

The Bernoulli compound models all have similarly shaped 
cumulative distribution functions. Figure 1 is a sample dis- 
memoution function for the compound Bernoulli-lognormal dis- 
meebuticn with a Bernoulli factor of p equal to 0.6, a mean 
Meets 0 and a standard deviation of 0.5. Note that the dis- 
tributicn has a mass of zero for negative observations, a 
mass cf tI-p at zero and th2 usual cunulative distribution 
function shape for positive observations but cf mass Dd vice 


MasS one. 


meee MODEL DESCRIPTIONS 
Three compound Bernoulli models ware formulated for eval- 
Nation. Each model was derived from the base distribution 
after compounding with the Bernoulli process. An additional 
requirement was made that the inverse of the compound nodel 
must be computationally relatively simple. 
im, Eernculiirexponential D 


Pies Gisela bpution wes d=rtived in Reference 1 and «he 


derivation will not be repeated here. Equations (1) and (2) 
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Pagure i: Compound Cumulative Distribution Function, 
Bernoulli-lognornmal Distribution 
are the probability density and complementary cumulative 
distribution functions respectively. The Bernoulli- 
exponential inverse complementary cumulative distribution 
mumection is computed as: 
0 ¢ A(X) 2 P (6) 


H{in(p) - ln (H(x)) ], H(x) < p 


1, 


The parameters of this distribution are estimated from the 


sample data as follows: 
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D = number of non-zero demand observations in sample 
divided by sample sizes, 


X / p, where xX is the entire sample mean, 


=? 
tt 


OL 


X, where x is the sample mean of only the non-zero 


n=? 
ll 


demand observations. 


e 


seoqiote TUNER normal Distribution 
The lognormal distribution was chosen as a candidat? 
for testing because of several desirable properties: 
a. It is defined for all real numbers greater than zero, 
be. Its inverse is readily computed using inverse normal 
approximations that are well documented for accuracy, 
c. Alone, the lognormal distribution does not allow the 
case of zero demand, but when combined with the Ber- 
poll l distribution, the compound Bernoulii-lognormal 
distribution defines all the expected demand values 
Geesacer than cr equal to zero. 
Utilizing the Bernoulli parameter p as a scaling fac- 
MmemeerOr the lognormal density function, the compound 


Bernoulli-lognormal density function may be expressed as: 


(7) 
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where: 
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p = probability of a non-zero demand, 
U = mean of the natural log of all demands greater than 
ZeIO, 
Oo = Standard deviation of the natural log of all demands 
greater than zero, 
6 = Standard normal d2ansity function. 
Integrating (7) results in the complementary cumulative dis- 


merepution funetion given by: 


P , x = 0 (8) 
H(x) = 
ina@s) = 
- @{ --------- > 
a o( s } x 0 . 
where: 
Cme=eScandard Normal Cumulative distribution function. 


The Berroulli-lognormal inverse cumulative distribution func- 


tion is easily derived from (&) as: 


0 , H(xX) 2 p (9) 


pexpfy + oO-* (1 - H(x)/p) J, H(x) < Pp 


The parameters are estinated from *he sample data in «he 
usual manner: . 
p = number of non-zero demand cbséervations in sample 


divided by sample size, 





X, where x is the sample mean of the natural log of 


12 
il 


all nen-zero demand cbservations, 


Q> 
tl 


S, where s is the sample standard deviation of the 
natural log of all non-zero demand observations. An 
alternate method for estimating the mean and stan- 
dard deviation of the lognormal distribution is to 
use the method of moments. The procedure in effect, 
transforms the mean and standard deviation obtained 
from the untransformed sample data vice transforming 
the data first and then computing the sample mean 
and standard deviation. This method involves fewer 
logarithms and will run faster on a computer. The 


procedure is described in Appendix D. 


4 


he logistic distribution is a pseudo-normal distri- 


bution that is similar in shape to the normal, but is é¢asier 


to handle mathematically. zs density function is defined as 
mei. 6]: 
r mix 11) (10) 
| (6 ea laa coche ( eee oes. XS OS, 
4/30 Zu oo 


meee 1tS cumulative distribution function is defined as: 


a (os - ~*) (11) 
Mee tered nt sa ee S|, =o) |6< XK KC oy, 
oh 2\3 9 
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where: 


u mean of the entire sample, 

Oo = standard deviation of the entire sample. 
Men the logistic distribution, it is no longer a simple mat- 
ter of scaling the distribution by the Bernoulli p parameter, 
eemce this distribution is defined over the entire real line 
and not just on the positive half. Consequently, the distri- 
bution requires a new constant of integration to replace the 


1/2 used in (11). Integrating (10) from 0 to o provides the 


new constant as? 


> m(X - 1H) TU (12) 
seche(*-2-=2--)ax = 1 + ranh( 72. 
2\/3 9 2/39 


mnech, When compounded with the Bernoulli distribution, gives 


0 


mies pernculli-logistic distribution jensity function as: 


1 mix =) i) 
h (x) = Do ta =" 7 seche(- a : 7 ne 


bean) 
1 + tanh| ---- 
239 


0 , otherwise, 


where: 


WH = nean of all non-zero demand observations, 
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Oo = standard deviation of all non-zero demand 
observations. 
After integrating (13), the complementary cumulative distri- 


bution function may be written as: 


| | a pre = WN] (14) 
H(x) = pil - -------------- tann(s"r) tank ( ae eee j 
Tu Ay 2y3’0 ‘| 


| i ; ven) 


The inverse cumulative distribution is: 


0 poeGxns = 2° 86 13) 


w+ ---ln TU am 4 , H(x) <p 
Wf a (30/1 + samn(s72 
| afte 


The parameters are estimated from th2 sample data in the 


usual manner: 


~ 


Pp 


number of non-zers demand observaticns in sample 
divided by sampl2 size, 
U = xX, where x is the sample nean of all non-zero demand 


observations, 


Ss, where S$ is the sample standard deviation of all 


Q> 
il 


non-zero demand observations. 


Ay 





me )6CU LE 6UCDATA 

In order to test the validity of the proposed models, 
Samples cf actual demand were obtained from the Operations 
Analysis Department at FMSO. The data, accumulated from the 
demand history files of the Aviation Supply Office, was orig- 
inally used as input data for the 5A (Aviation Afloat and 
Ashore Allowance Analyzer) {Ref. 7]. The data consists of 
1587 consumable 1R cog items and 2892 non-program-related? 
repairable 2R cog items. The information for each item is 
contained in one master record and several subrecords. The 
master record contains identifying information on each item 
such as the national stock number, replacement price, etc. 
Fach subrecord contains up *o forty-six demand records, each 
including the demand quantity and the day of «he demand. A 
complete record layout is ccntained in Appendix E. To ease 
processing, the Julian Dates of the original demands were 
replaced by FMSO with a sequential date ranging from 1 +o 
1500 representing approximately four years of available 


eis tOLy. 


9see Appendix A for definition of "program related" 
1tems. 
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For this application, additional screening was conducted 
to group the demands into thirty-day buckets, thus providing 
a demand time series of forty-eight observations. Further 
editing was required prior to analysis to remove the negative 
demands noted for many of the items. It was assumed that the 
negative observations were the result of cancellations of 
previous demands which were never filled. Therefore, when- 
ever a negative demand was encountered, the demand series was 
searched backwards for the first positive demand equal to or 
larger than the negative demand. If such a demand was found, 
the positive demand quantity was reduced by the absolute 
value of the negative guantity and the negative quantity was 
set equal to zero. Le no offsetting positive demand was 
found, the negative demand quantity #as still set equal to 
zero. The resulting edited demand time series was used as 
the base for all further analysis. Two additional demand 
series were created from the edited series: 

1. A demand series of only the non-zero demands, 

2. A demand series of the log of the non-zero demands. 
The sample mean and sample standard deviation for each of the 
three demand series were computed!9 and the group, represent- 
ing one line item, was accepted for futher processing if: 


tOStationarity was assumed for the demand time series 
under study. If a trend were in fact present, the resampling 
technique effectively would eliminat2 it by shuffling the 
observed demands into random order. 


75) 





1. There were at least two non-zero demands, and 
Be he Standard deviation of all three series was non- 
ZeIo0. 

Once accepted, the sample mean and/or sample standard 
deviation of the appropriate series was used to estimate the 
value of x, such that for a given probability, demand will 
not exceed that value of x. The values of x were computed 
for ¢ach model tested at several probabilities from the 
inverse cumulative probability functions. Table 2 displays 
the sample mean and/or sampl2 standard deviation required for 


each model investigated. 


Be. THE RESAMPLING PROCEDURE 
The resampling procedure used was chosen over the more 

traditional methods discussed in Chapter II because it pro- 
vides a method of comparing a theotetical distribution to the 
Sample data at specified prcbabilities and is applicable in 
cases such as this where there is a paucity of data available 
for analysis. This procedure is similar to the "bootstrap" 
procedure used by Efron {Ref. 8]. The idea behind this pro- 
cedure is tc randomly sample with replacement the series of 
available data to create additional pseudo-samples that pos- 
Sess the same statistical properties as the original sample. 


The desired statistical property can then be estimated from 
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Table 2: Required Data for Inverse Computations 


STANDARD 
MODEL MEAN DEVIATION 
dis Exponential A N/R 
Ze Normal A A 
ae Poisson A N/R 
Va Negative Binomial A A 
Se Lognormal c c 
oe Logistic A A 
We La Place A A 
ae Bernoulli-exponential B N/R 
9. Bernoulli-lognornmal é G 
his Bernoulli-logistic B B 


Where: 
is from edited demand series 
is from non-zero demand series 


A 

B 

C is from log of non-zero demand series 

N/R indicates parameter Not Required for this model 


each pseudo sampl2. With a sufficient number of repetitions, 
Mme aistribution of the estimated property is known to be 
normal <from the central limit theorem with mean equal to the 
population mean and standard deviation equal to the popula- 
tion standard deviation divided by the number of repetitions. 
Thus by the use of the resampling procedure, it is possi- 


MjencO Study theoretical distributions at points in «heir 
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Begnt hand tail area, which is the region of most interest in 


computing safety levels in inventory nodels. The resampling 


procedure, as applied in this study, is a relatively straight- 


Bepward application of tha following technigue: 


1. 


The edited series for each sample of n demand observa- 
tions is treated as the population from which the ran- 
dom samples are drawn. 

A random sample of size n is drawn from this popula- 
tion, creating a pseudo sample. The pseudo sample is 
not a permutation of the original population since the 
sample values are selected with replacement from the 
Otiginal population. This is 2asily accomplished in a 
computer by generating n uniform random integers in the 
range from 1 to n, and using these numbers as sub- 
scripts to select th2 sample from the original 
population. 

The pseudo sample percentile 15 computed for each rep- 
etition from (16) and is compared to the theoretical 


percentile. 
9 = (number of demand observations £ x) /n (16) 


The various values of x are conputed from the inverse 
cumulative probability functions for each nodel 


evaluated. 


a2 





Under the null hypothesis that the samvle demands come 


meem a Particular probability distribution, the expected 


value of 6 should equal op, the theoretical percentile: 


E{ 0] =o under Hy 


and the distribution of pep should be Normal(p,o#/n). 


centile op is estimated as 2bove and g? 


standard binomial results as: 


caleho} = cll ~ 0) 7 1- 


Meee EASURES OF EFFECTIVENESS 


When the above precedure is 


@omepercentiles, the fit of the 


(17) 


The per- 


is estimated from 


(18) 


executed at several theoreti- 


sample data may be compared 


m—meavoma)] Jocations in the theoretical distribution and «the 


Overall fit evaluated. 


ness are available to provide a 


the success or failure of 2 model. 


Several common neasures of effective- 


Grime On which sto judge 


Some of «hose available 


are; 
1. Maximum absolute deviation, 
mm Mean squared error, 
GemeeAlgebraic sum of errors. 


Method three was eliminated since errors may offset one 


Sme=ener resulting in a seemingly gocd fit, 


So 


but 2h reality a 





very poor fit. Method one is potentially a good way to ¢val- 
uate error, but is generally not as sensitive as method two. 
Therefore, the mean squared error of the pseudo sample per- 
centile estimates was chosen as the measure of effectiveness 


of -choice and was accumulated as: 


n 


Z (19) 
» Bi p.) e. 


i=l 


MSE = 


I a 


D. COMPUTER VALIDATION 

The computer programs for this analysis were written in 
FORTRAN IV for execution on the IBM 3033 attached processor 
(System 370) computer installed at the Naval Postgraduate 
School. The programs are batch oriented since the volume of 
data available prevented stcrage directly on the user's pri- 
vate disk space. The data tapes received from FMSO were 
loaded onto the system mass storage device and when required, 
all or portions of the data were transferred to the Virtual 
Machine (VM) facility for processing. Two programs were 
Bmeieeten, the first to copy the data to make it accessible to 
the VM system and «he second to conduct the actual analysis. 
A complete listing of the PORTRAN source code is available in 
Appendix F. Each program or subprogram contains a documenta- 


tion block at the top that provides a complete description of 
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the program's purpose, a definition of variables used and a 
list of user-written subroutines and functions required. 

The random number generator used is a part of the 
LLRANDOM II séries [Ref. 9] developed at the Naval Postgradu- 
ate School. The pregrams and subprograms were thoroughly 
tested both independently and as a unit using known data. 

The results were verified by hand held calculator and in all 


cases agreed with the program output. 
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V. RESULTS 

The results of the distributional analysis conducted on 
the ten distribution models listed in Table 2 are tabulated 
in Appendix B for 1R consumable items. Appendix B is divided 
into the three demand classes listed in Table 1, and then 
each class is divided by distribution and percentile within 
each distribution. The results for the 2R repairable items 
are presented in a Similar format in Appendix C. 

The consistency of the resampling method with varying 
data was evaluated by testing independant sections of the 
consumable and repairable data sets and comparing the 
results. In both cases, independent subsamples were created 
by sampiing every third item but changing the initial iten 
Sampled from the first to the third item. The analysis, nox 
presented here, showed that the resampling method produced 
consistent results over all of the subsamples tested. The 
total mean square errer!! of the distributions in each sub- 
Sample varied by no more than 20% fron the total mean squares 
error values obtained from the entire sample population as 


listed in Appendix B and Appendix C. The relative standing 


11Total mean square error is the sum of the méan sSguare 
Zemenes COmputed at the 75th, 80th, 85th, 90th and 95th 
percentiles. 


36 





of each distribution was not altered in any of the 
subsamples. 

The effect of the number of pseudo sample repetitions was 
also studied. The results proved similar while varying the 
number of repetitions from twenty to fifty. The standard 
deviation of the percentile estimates decreased as the number 
of repetitions increased. The total mean square error for 
each trial varied randomly but remained within 10% of the 
overall values for each distribution with more repetitions 
producing consistently smaller variations. For the data 
analysis production runs, forty was chosen as the number of 


resampling repetitions as a trade off between computer run 


time and minimizing variance. 


A. LOW-DEMAND Et es 

A summary of the total mean squared error figures fer the 
modéls providing the best fit or the smallest total mean 
squared error is provided in Table 3 for the low-demand 
items. The best nodels for the low demand items all had very 
small total mean squared errors. This can be attributed to 
the very low probability of a demand ever being greater «han 
one and to the integer sampling plan for accumulating the 
Beenoulli trials. Por the integer results of the Poisson and 


negative binomial distributions, the estimated percentile 





BRELE 3: LOW-DEMAND ITEMS, 


Total Mean Squared Error (107%) 


Negative 
Poisson binomial Compound 
Consumable 1R 5.64 Tahs' 10277 
Repairable 2R 5. 86 5 7 12.91 


will clesely match the theoretical percentile unless the nun- 
ber of Bernoulli successes is less than the expected number 
of successes for a given theoretical percentile. This pro- 
duces a conservative result that will tend to overstate the 
quantity of stock required by one unit to provide a stated 
Maer Of Protection, but in the case of the small quantities 
involved, is not an undesirables praperty. The compound dis- 
tributions, as a group, gave the same total mean squared 
error for much the same reasons. The probability of a non- 
zero demand is very small for the low-demand items, generally 
less than 0.05, thus these models tend to predict a quantity 
of zero for all percentiles. fhe resampling procedure and 


the sampling plan again provide a conservative result. 


Be. MEDIUM-DEMAND ITEMS 


A summary of the total mean squared error figures for the 


models providing the best fit or the smallest total mean 
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squared error is provided in Table 4 for the nediunm-demand 
items. Here again the predicted demand for the various per- 


centiles is small. The resampling technique still gives the 


TABLE 43" 5% EDLUM—-DEMAND ITEMS, 
Total Mean Squared Error (107%) 


Negative Bernoulii- 
binomial Poisson lognormal 


Censumable 1R Pigs ra ben 48.28 80.60 


Repairable 2R 290718 44u. 84 Tt2e49 


edge to the integer distributions. The compound distribu- 
tions have begun to show some diffsrences among themselves, 
but as a group are clearly better than any of the continuous 
Simple distributions. The magnitude of the total mean 
Squared error is significantly larger than for the low-demand 
class primarily due tec the larger allowable total demand 


range defining the medium-demand class. 


See HIGH-DEMAND ITEMS 

The summary total mean squared error data for the high- 
demand items are listed in Table 5. With the unlimited range 
of mean demands in this class, the higher total mean squared 


errors are expected. The compound nodels have come into 





Tapio HiGH-DEMAND ITEMS, 


LecvcoipMeanwogqueseca Srror (10-*) 





Bernoulli- Bernoulli- 

lognormal exponential Exponential 
Consumable 1R 168.25 188.90 298.21 
Repairable 2R 183.77 221.80 289.01 


their own in this class with the Bernoulli-lognormal yielding 
atotal mean squared error less than one half that of the 
normal distribution. The second best distribution, the 
Bernoulli-exponential, gives a total mean squared error only 


Slightly higher than the Barnoulli-lognormal. 
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me OUNMARY 

This distributional analysis, conducted using a con- 
pletely different experimental procedure than prior analyses, 
provides satisfyingly similar results for the low and nediun 
demand categories in showing that the Poisson distribution 
gives the best fit for the low-demand category of items and 
that the negative binomial distribution gives the bes* fit 
for the medium-demand category of items. The class of conm- 
pound distributions, as a whole, gave good fits in the low- 
and medium-demand categories, though the *total mean squared 
error was two to four times as large as that of the Poisson 
or negative bincmial distribution. 

The analysis indicated that there are several distribu- 
tions which provide better results than the normal distribu- 
tion for high-demand items. The Bernoulli-lognormal 
distribution consistently provided total mean squared errors 
approximately one half that of the normal distribution, indi- 
Cating a superior fit in the right-hand tail area of the dis- 
tribution. Other distributions giving good fits were the 
Bernoulli-exponential and the standard exponential, both 
yielding total mean squared errors l¢ss than that of the nor- 


foe at Stribution. 
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Be. RECOMMENDATIONS 

The results of this study indicate the Navy should con- 
tinue to use the Poisson and negative binomial distributions 
as the models for the low- and medium-demand classes respec- 
tively. Specifically, the Aviation Supply Office should re- 
evaluate its position on the use of the normal distribution 
for all demand classes and revert to the Poisson and negative 
binomial distributions for low- and nedium-demand classes as 
before. The normal distribution tends to inflate the stock 
required for low- and mediunm-demand items for a specified 
level of protection resulting in increased safety levels and 
excessive dollar investment. , 

The Navy should consider replacing the normal distribu- 
tion model used for high-demand items with «he compound 
Beenoulli-lcgnormal distribution. IF the Bernoulli-lognornal 
Mmeer-ribution is considered computationally «oo difficult for 
a large inventory system, the Bernoulli-exponential could be 


used in its place with little loss of effectiveness. 


C. ADDITIONAL RESEARCH 
Pollow on research in the Following areas nay improve and 
expand upon the results presented above: 
1. Optimize the divisions of demand categories (1.8. low, 


medium, high) with the possible use of the probability 
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of a non-zero demand as an element in the 
determination, 

Implement the Bernoulli-lognormal model in FMSO's SA 
Simulator to establish the effect of the change on the 
entire supply systen, 

Investigate the implications of the assumption that the 
demand process is stationary, 

Evaluate other compound distributions, such as the 
Bernoulli-log-logistic, which is particularly appealing 


analytically. 
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Program Related Item: An item of stock whose demand can be 


predicted from the value of a specific Navy program, l.e., 


flying hours, steaming hours, etc. 


Reorder Point: The on hand stock quantity that when reached, 
triggers an order for replenishment of stock material. The 
reorder Point is the expected demand during procurement lead- 


time plus the safety level. 


Risk: Probability ef a stockout during leadtime. 


Safety Level: The quantity of material which is required to 
be on hand to permit continued cperation in the event of 
Minor interuptions cn normal replenishment or unpredictable 
fluctuations in demand. The safety level determined is 
tructured so as to minimize time-weighted, essentiality- 


weighted requisitions short. 


tockout; A condition that exists when «he on hand inventory 


1s insufficient to fill the current demand requirements. 
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System Perforgance: A subjective measure maximized when the 
time-weighted, essentiality-weighted requisitions short is 
minimized. Time weighting is the consideration of the aver- 
age number of days delay in the availability of material, 
essentiality-weighting is the consideration of the relative 
essentiality of each item Requisitions short are requisi- 


tions for which material is not available. 
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Ree Salt LELONs 


DISTRIBUTION: 


PODAL MSE; 


Pea PRIBUTION: 


TOTAL MSE: 


APPENDIX B 


LE_ITEM TABULATED RESULTS 
FOR EACH OF 61 PSEUDO SAMPLES 
0.0 <D< 1.0 PER YEAR 


mee Swe ests et SPE SBS oS SBS PPP ee SFP SBS SS FSP SSB Pease ees ae aeaaeee¢te 8 8 2S 2 ss = = = 


ineOREt LCALSPERCENTILES (P) 


0-80 9-85 0299 
0.812500 0.854006 0.913924 
0.007902 0.007148 0.005678 
0.000156 0.000018 0.000290 


5. 64E- 04 


ReeORETIGAL PERCENTILES <(P) 


0.80 0.85 0.90 
0.812500 0.854006 0.913924 
0.007902 0.097148 0.005578 
Os00 01560-0000 Te)" 0.000290 


7. 865-04 
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0.956069 
0.004149 


0.000100 


0.95 
0.948994 
0.004454 


0.000322 





0.004275 


0.001006 


40 REPETITIONS FOR EACH OF 61 PSEUDO SAMPLES 

LOW DEMAND RANGE: 0.0 <D< 1.0 PER YEAR 
DISTRIBUTION: NORMAL 

THEORETICAL PERCENTILES (P) 

ESTIMATES: 0-75 0.890 0.85 0.990 
MEAN 0.953221 0.953221 0.953221 0.953221 
Soy DEV QOnOOH275  0-.0048275 O.008275 0.004275 
MSE 0.042319 0.024488 0.011662 0.003835 
TOTAL MSE: 833.095-04 


0.004275 


0.011662 


9.99 
Omgss 221 
0.004275 


0.003835 


9-95 
Oe 22 1 
0.004275 


0.001006 


= <@benp «2b @= «22 42 22 Ge em 22 4am 22 ah EP a 4P AER ee SE See ee EE eee Se ee eee ee eee ee eee Se ee ee ee Se ee es a a ae ee 


THEORET PCAL PERCENTILES (P) 


ESTIMATES: 0.75 0.80 
MEAN Onveee21 0295e221 
STD DEV 0.004275 0.004275 
MSE 0.042319 0.024488 
mer al, MSE: 833. 09E-04 
DISTRIBUTION: LOGNORMAL 
ESTIMATES: 0275 0-80 
MEAN 0.978404 0.995246 
cap DEV 0.002943 0.001392 
MSE Vere 2629  Of0etezZ 52 


mer aL MSE: 


1246285 E-04 
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9:85 


0.995246 
O00 139 2 


0.021267 


0-30 
1.000000 
0.0 


0.009998 


1.000000 
0.0 


0.002500 





4Q REPETITIONS FOR EACH OF 6 1 


LOW DEMAND RANGE: 0.0 <D< 1.0 PER YEAR 

DISTRIBUTION: LAPLACE 

THEORETICAL PERCENTILES (FP) 
ESTIMATES: 9.75 0.80 0-85 0.90 
MEA N 0.953221 0.953221 0.953221 0.953221 
STD DEV 0.004275 0.004275 0.004275 0.004275 
MSE 0.042319 0.024488 0.011662 0.003835 
TOTAL MSE:  833.09E-04 
DISTRIBUTION: LOGISTIC 

THEORETICAL PERCENTILES (P) 
ESTIMATES: 0-75 0.80 0.85 0.90 
MEA N 0.953221 0.953221 0.953221 0.953221 
STD DEV 0.004275 0.004275 0.004275 0.004275 
MSE 0.042319 0.024488 0.011662 0.003835 
TOTAL MSE: 833.09E-04 
DISTRIBUTION: BERNOULLI-EX PONENTIAL 

THEORETICAL PERCENTILES (P) 
ESTIMATES: 0.75 0-80 9-85 0.90 
MEAN 0.750000 0.812500 0.854006 0.913924 
STD DEV 0.008766 0.007902 0.007148 0.005678 
MSE 0.0 0.000156 0.000018 0.000290 


mona MSE: Os S00 
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PSEUDO SAMPLES 


9.95 


OmasS822 1 
0.004275 


0.001006 


Ome 
Os 2e=e22 1 
0.004275 


0.001006 


0.95 
0.944939 
0.004618 
G2O000GHS 





4Q REPETITIONS FOR EACH OF 


LOW 


DEMAND RANGE: 


Sl) PSEUDOPSAIMEP LES 


1.0 PER YEAR 


POTAL MSE: 


DIS TRIBUTION: 


0. 750000 
0. 008766 


0.0 


10.77E-04 


BERNOU LLI-LOGISTIC 


0.81 2500 
0.007902 
0.00 0156 


0.007148 


0.000018 


0.90 
0.913924 
02005678 
0.000290 


0.004618 


0.000613 


TOTAL MSE; 


0. 
0. 750000 
0. 008766 


0.0 


10.77E-04 


TVGORELUCAL PERGSNTILES (P) 


Oee 1200 
0.00 7902 


0.000156 
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9:8 


jin 


0.8540 


© 


6 
0.007148 


0.000018 


0.39 
0.913924 
0.005678 


0.000290 


In 
Nn 


= 
B omy 
WO 
GJ 
WO 


0.9 
0.004618 


0.000613 





40 


MEDIUM DEMAND RANGE: 


REePE@iTRenNs FOR EACH OF 7/753 PSEUDO SAMPLES 


Wo < 0 < 20.0 PER YEAR 


_enenw OS S22 SSeS SP eS SBS Oe SOs SES SSS 2 SS eee ee eee ee eee ee eee ee eee eee eee ee ee ee ee ae 


MSE 


BOrAL MSE: 


POISSON 
THEORETICAL PERCENTILES (P) 
Ooms 0.80 oie 5 0.90 
Ontestst O.807719 Of883932 0.893923 
02002501 0.002271 0.002091 0.001774 
0.000138 0.000398 0.000603 0.001423 
48.28 E-04 
NEGATIVE BINOMIAL 
Lae On Ee eeCAl PERCENEEESS (P) 
0.75 0.30 0.85 0.90 
0. 746099 0.805430 0.843400 0.900210 
0.002508 0.002281 0.002094 9.001727 
070003532 02000522 0.000589 0.000807 
28.55E-04 
NORMAL 
Le GORErrGAL PERCENTILES (P) 
0.75 0.80 0.85 0.90 
0.888030 0.896699 0.907882 0.920152 
G30Gtea7 = O0.0C 1754 O02001666 0.007562 
0.020771 0.014168 0.007327 0.003509 
521.74E-04 


feta MSE: 
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9:95 
0.925303 
0.001515 


0.002266 


Q295 
0.943628 
0.001329 


0.000606 


9235 
(eseS573 
0.001415 


0.002400 





0:93 
0.898352 
0.001741 


0.006210 


ORO 0S 22 


0.002040 


0.001409 


0.002363 


4Q REPETITIONS FOR EACH OF 753 PSEUDO SAMPLES 
MEDIUM DEMAND RANGE: 1.0 < D < 20.0 PER YEAR 

DISTRIBUTION: EXPONENTIAL 

THEORETICAL PERCENTILES (P) 
ESTIMATES: 0.75 0.890 0.85 0.99 
MEAN 0.852981 0.861003 0.871591 0.884311 
STD DEV 0.002040 0.001993 0.001928 0.001843 
MSE 0.020357 0.011779 0.006819 0.004953 
TOTAL MSE:  501.19E-04 
DISTRIBUTION: LOGNORMAL 

THEORETICAL PERCENTILES (P) 
ESTIMATES: Q.75 0.80 0.85 0.90 
MEA N 0.953018 0.962552 0.970638 0.980623 
STD DEV 0.001219 0.001094 0.000973 0.000794 
MSE 0.043846 0.028367 0.015977 0.007411 
TOTAL MSE: 976.415-04 
DISTRIBUTION: LAPLACE 

THEORETICAL PERCENTILES (P) 
ESTIMATES: 0.75 0.80 0-85 0.90 
MEAN 0.884254 0.893767 0.904733 0.918110 
STD DEV 0.001843 0.001775 0.001692 0.001580 
MSE 0.024079 0.013865 0.007191 0.003573 
TOTAL MSE: 510.72E-04 
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40 REPELETIONS 


MEDIUM 


DOremaed OF 7/53 PSEUDO SAMPLES 


lO So < 2060 PER YEAR 


Dea tRIBUTION: 


Ber iMATES: 


MSE 


TOTAL MSE: 


Q-9 


Io 


Oe ts 037 
0.001624 


0.003690 


9-95 
0.934834 
0.001422 


0.002447 


meraAL MSE: 


0-99 
0.896563 
0.001755 


0.002224 


0.950685 
0.001248 


OQ. 001327 


feoaAL MSE: 


9-29 
0.903886 
0.001698 


G2 001366 


DEMAND RANGE: 
LOGISTIC 
THEORETICAL PERCENTILES (P) 
0.75 0.80 0.85 
0.875036 9.886687 0.896908 
O.000905 025009826 0-00 T7752 
0.022871 0.073193 0.006955 
491.56E-04 
BERNOULLI-EX PONENTIAL 
THEOREL ICAL PERCENTILES (P) 
0.75 0.80 0.95 
0.738072 0.795951 0.840430 
0.002533 0.002322 0.002110 
0.002132 0.002338 0.002267 
102.88E-04 
BERNOULLI-LOGNORMAL 
DasOn ib GAbwe SACUNILLES (P) 
0.75 0.80 2.35 
0.749344 0.809159 Q.889391 
0.002497 0.002264 0.002061 
0.001456 0.001751 0.001730 
80.60E-04 


2 


0.001276 


Oe UCAZSS 





Ute sor bi hONS FOR EACH OF 753 PSEUDO SAMPLES 


MEDIUM DEMAND RANGE: 1.0 < D < 20.0 PER YEAR 


TOTAL MSE: 


THe Oro ceCAL.PEREENTILES (P) 


Q 0-85 0 


29 Q.93 


0.760006 0.821542 0.864176 0.916219 0.955416 
0.002461 0.002206 0.001974 0.001596 0.001189 
0.002256 0.002499 0.002304 0.002030 0.001241 


103. 30E-04 
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TOP RoP creo NnG fOR EACH OF 429 PSEUDO SAMPLES 


HIGH DEMAND RANGE: 20.0 < D PER YEAR 


THEORETICAL PERCENTILES (P) 


ESTIMATES: 0.75 0.80 0.85 0.90 0.95 
MEA N 0.689018 0.730300 0.753320 0.780038 0.800697 
STD DEV 0.003534 0.003388 0.003291 0.003162 0.003050 
MSE 0.024843 0.027146 0.033935 0.042154 0.051388 
TOTAL MSE: 1794. 66E-04 

DISTRIBUTION: NEGATIVE BINOMIAL 

THEORETICAL PERCENTILES (P) 

ESTIMATES: 0.75 0.80 0.85 0.90 0.95 
MEA N 0.724173 0.747130 0.791313 0.848041 0.896526 
STD DEV 0.003412 0.003318 0.003102 0.002740 9.002325 
MSE 0.003047 0.024647 0.026816 0.029773 0.031637 


Meenl MSE: 1159.20E-04 


Pas Ono. LEAL DEKCENTILES (P) 


ESTIMATES: 0.75 0-80 0.385 0.90 605 
MEAN 0.850264 0.871100 0.890154 0.910670 0.934248 
STD DEV Omveeyss O0L00MS58 0.002387 0.002177 9.001892 
MSE Oeumoo2 (0.0105 12570. 005815 0.003155 0.002227 


BeTAL ASE: fem 3z2 B= O04 
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iO 2EPHrireOus FOR BACH OF 4&29 PSEUDO SAMPLES 


HIGH DEMAND RANGE: 20.0 < D PER YEAR 

DISTRIBUTION: EXPONENTIAL 

THEORETICAL PERCENTILES (P) 
ESTIMATES: 9.75 0-80 0-85 0:90 0.95 
MEAN 0.784610 0.814275 0.846685 0.881207 0.918702 
STD DEV 0.003138 0.002969 0.002750 0.002470 0.002086 
MSE 0.009534 0.006885 0.005219 0.004384 0.003800 
TOTAL MSE:  298.21E-04 
DISTRIBUTION: LOGNORMAL 

THEORETICAL PERCENTILES (P) 
ESTIMATES: 0.75 0 80 0-85 0.990 0-95 
MEA N 0.855867 0.886448 0.918614 0.949144 0.978288 
STD DEV 0.002681 0.002422 0.002087 0.001677 0.001113 
MSE 0.019028 0.013031 9.008113 0.004389 0.001639 
TOTAL MSE:  462.00E-04 
DISTRIBUTION: LAPLACE 

THEORETICAL PERCENTILES (P) 
ESTIMATES: Q-75 0.80 0.85 0:90 0.95 
MEAN 0.843416 0.863600 0.885612 0.907473 0.934956 
STD DEV 0.002774 0.002620 0.002430 0.002212 0.001883 
MSE 0.015775 0.009709 0.005680 0.003248 0.002167 


feorean ASE: 


365.7938-04 
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Meee err OuSwrOn BACH OF 4829 PSEUDO SAMPLES 


HIGH DEMAND RANGE: 20.0 < D PER YEAR 


THEORETICAL PERCENTILES (P) 


ESTIMATES: 0.75 9.80 0.85 0.90 0.95 
MEAN OSe221s2  Caeewo7gt 05871709 0.900710 0.933755 
STD DEV 0.002979 0.002750 0.002553 0.002289 0.001899 
MSE 0.013721 0.008841 0.005633 0.003523 0.002259 


fe2AL MSE: 333%, /625-04 


DISTRIBUTION: BERNOULLI-EX PONENTIAL 


EP a= —- = 2 oe Ee Se Ee aM TE a ee 


THBOR EL MCAL TE SHOENTILES (?P) 


ESTIMATES: 0.75 0.80 9.85 0.90 0.95 
MEAN 0.759754 0.816600 0.867492 0.914225 0.955101 
STD DEV 0.003261 0.002954 0.002588 0.002138 0.001581 
MSE 0.005828 0.005034 0.003977 0.002618 0.001432 
TOTAL MSE: 188.902-04 
DISTRIBUTION: BERNOULLI-LOGNORMAL 

THEORETICAL PERCENTILES (P) 
ESTIMATES: 0.75 0 .80 0.85 0.90 ome 
MEAN 0.745078 0.797614 0.847684 0.901963 0.953670 
STD DEV 0.003327 0.003067 0.002743 0.002270 0.001605 
MSE 0.004768 0.004403 0.093632 0.002613 0.001409 


BeDaAL MSE: 168.25E-04 
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CG ne eer LiTONS FOR BACH OF 429 PSEUDG SAMPLES 


HIGH DEMAND RANGE: 20.0 < D PER YEAR 


wanmewwae se we Se eee BPP eS SSP See SBP eSB eSB eee Se ewe See ee ee ee eer ee ee ee ee eee ee ewer ee ee ee eee ee ee eee eee eee ee Se ee ee Se oe oe SP oe 


THEORETICAL PERCENTILES (P) 


ESTIMATES: Q.73 0-30 0:83 9.29 9.95 
MEAN 0.828539 0.864722 0.892571 0.921326 0.947036 
STD DEV 0.002877 0.002611 0.002364 0.002055 0.001710 
MSE 0.012517 0.008862 0.005485 0.003020 0.001538 


ZOLAL MSE: 314.23E~ 04 
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ease eee ee eae eee SBP SP SPS See SS See BPS PSPS ESP SP FPP wBRWe SP SBP SPST 8 SPF PP BPP SP SBP SB SPP SS PP SP SP SS Sa Se SS SS oe 


BoraAL MSE> 


Rie OREN T CARP ERCENTILES (PP) 


13 0-80 
0.750000 0.812496 
0.005849 0.005273 


0.0 0.000156 


IO 


= 85 Q.39 
0.853613 0.912594 
0.004775 0.003815 


0.000019 0.000311 


0.95 
0.955936 
0.002772 


0.000099 


MSE 


Bersi MSE: 





Tie@iner ECRLSPERECENTILES: (P) 


0.005849 0.005273 
0.0 0.090156 
7.5 7E- 04 
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0.35 0.9 


io 


0.853613 9.912594 
0.004775 0.003815 


0.000019 0.000311 


0.395 
0.950753 
0.002923 


0.000270 





CO” REPPEtEONS FOR 6 ACH OF 


137 PSEUDOWSAMPLES 


to Oe ee LEAR 


—_ =e 2 SP ee SR Se ee eee ee ee ee ee eee ee ee ee eee Se ee eee ee eee eee ae ee ee 


oop DEV 


MSE 


BeraL MSE: 


0.002967 


0. 040918 


800.84E-04 


Da SOhuL: LEAL. PSRCENTEILES (P) 


0.80 
0.949164 
0.00 2967 


0.02 3465 


9:85 
0.949164 
0.002967 


0.011016 


0.90 
0.949164 
0.002967 


0.003568 


0.002967 


0.007118 


_ EPSP Pe ee ee ee ee ee ee ee A eee ee ee ee ee ee eee ee a ee ee 


merAL MSE: 


00029'67 


0.040918 


800.845-04 


Cee ONSRECAL PEREGENTILES (2) 


0-80 
0.949164 
0.00 2967 


0.02 3465 


2-85 
0.949164 
0.002967 


0.011016 


9.30 
0.949164 
0.002967 


0.003568 


0.949164 
0.002967 


0.001118 


=_ <—ese =P oD eee ee eee eee ee eee eee eee ee ee ee ee ee ee ee ee ee ee 


MSE 


EStAL MSE; 


SS -a- se See 


O-75 
0.978874 
0.001943 


Cena 55 


1224.66E-04 


THEORBETGAL PERGENTILES 


0.001274 


0.036815 


Sy) 


9:85 
0.991028 
0.001274 


0.020201 


(P) 
9-29 
1.000000 
0.0 


0.009996 


9.95 
1.000000 
0.0 


0.002500 





0.95 
0.949164 
0.002967 


0.001118 


0.95 
0.949164 
OSU029 57 


0.001118 


9.93 
0.942635 
0.003141 


0.000804 


GO REPETITIONS FOR EACH OF 137 PSEUDO SAMPLES 
LOW DEMAND RANGE: O50 Si < 1.0 PER YEAR 

DISTRIBUTION: LAPLACE 

THEORETICAL PERCENTILES (P) 
ESTIMATES: 0.75 0.80 0.35 0.90 
MEAN 0.949164 0.949164 0.949164 0.949164 
STD DEV QO. 0uZIe7 0.002967 0.002967 0.002967 
MSE OFOMOO TS = 05025555 d.01T016 0.003568 
meraL MSE: 800. 84E-04 
DISTRIBUTION: LOGISTIC 

THEORETICAL PERCENTILES (P) 
ESTIMATES: 0.75 0.80 0.85 0.90 
MEAN 0.949164 0.949164 0.949164 0.949164 
STD DEV 0.002967 0.002967 0.002967 0.002967 
MSE 0.040918 0.023465 0.011076 0.003568 
Teel MSE: 800. 84E-04 
DISTRIBUTION: BERNOULLI-2X PONENTIAL 

Tipo ne) PGAbwEe EReENOLL So  (P) 
ESTIMATES: 0.75 0.80 0.85 0.90 
MEAN 0.750000 0.812496 0.853613 0.912594 
STD DEV OevUsc4o 050052735 0.008775 0.003815 
MSZ Oi. 0 OeCO>o Oo. 0CU0T9 0.000311 
mora. MSE: 12.91E- 04 
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> REVIT ONS FORSS ACH OF 137 PSEUDO SAMPLES 


LOW DEMAND RANGE: 0.0 <D< 1.0 PER YEAR 


—_= cm cp a ee ce ee ee a a aa ee eee ee ee eee ee ee ee ee eee ae ee a es ee es es a ee eee eee ee ee eee ee ee 


THEORETICAL PERCENTILES (P) 


ESTIMATES: 0.75 0.80 0.85 0.90 0.95 
MEAN Or SVO0O O58 uz296 0.853613 0.912598 0.942635 
Sap DEV 0.005849 0.005273 0.004775 0.003815 0.003141 
MSE 0.0 0.000156 0.000019 0.000371 0.000804 
TOTAL MSE: Zee — 04 

Pie IRIBUTION: BERNOULLI-LOGISTIC 

THEORETICAL PERCENTILES (P) 

ESTIMATES: Q-/5 0 80 0-85 0-39 0.95 
MEAN Op 000C™ “OCC Wz o6 0.853615 0.912594 0.942635 
STD DEV 0.005889 0.005273 0.004775 0.003815 0.003141 
MSE 0.0 0.000156 0.000019 0.000311 0.000804 
GOGaAL USE: 12.918=04 
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40 REPETITIONS FOR EACH OF 1487 PSEUDO SAMPLES 


Om Gb << 92020 PER YEAR 


_— =e ap em ap SP a a ee a ee aS Sh SP ee Se Se ee 2 Se es ee ee eee aa a eee eee ee eee eee ee ee ee ee ee ee ee 


THEORETICAL PERCENTILES (P) 
9-89 9:85 Q.99 
0.806323 0.843928 0.894732 
0.001620 0.001488 0.001258 
0.000507 0.000582 0.001321 


MEDIUM DEMAND RANGE: 
DISTRIBUTION: POISSON 
Pot MATES: Qa75 
MEAN 0.7470 34 
Sap DEV 0.001782 
MSE 0. 000238 
merAL MSE: 44.,84E-04 


0.95 
0.929457 
0.001050 


0.001836 


mw Pa See Se ee ae 2 EE a eee ee ee eS ee ee EP eee ee eee ee ee Se ee eee 2 ee Se ee See ee Se SS Se ee a ee ee ee ee ae ee a a 


DISTRIBUTION: NEGATI 
ESTIMATES: O75) 
MEAN 0. 744688 
STD DEV 0.001788 
MSE 0.000444 
TOTAL MSE: 29. 14E-04 


THEORETICAL PERGENDTEGSS  (P) 
9.80 0.85 0.90 
0.804450 0.843869 0.900645 
0.001626 0.001488 0.001227 
0.000598 0.090533 0.000788 


0.95 
0.944953 
0.000935 


0.000551 


qnanbpeanp 462 42 QE QP OEP EP SP ee ee eSB eee ee ae eee Se ee ee eee ee See ee ee ee eee Se ee ee ee ee Se Se a ee Se ee ee ee a 


ESTIMATES: Q.75 
MEAN 0.861474 
Sao DEV 0.001416 
MSE 0.019444 
POT AL ASE: 434.35E-04 


DAB ORerEGAL OB RCENTILES (P) 


9-80 2:33 Q.39 
0.875334 0.890316 0.905783 
0.901354 0.001281 0.001198 
0.011363 0.006084 0.003600 
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9:33 
0. 929h55 
0.001066 
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4Q REPETITIONS FOR EACH OF 1487 PSEUDO SAMPLES 


MEDIUM DEMAND RANGE: 1.0 < D < 20.0 PER YEAR 


THEORETICAL PERCENTILES (P) 


ESTIMATES: 0.75 0.80 0.85 0.90 0.95 
MEAN 0.823217 0.834022 0.845365 0.864271 0.886389 
STD DEV 0.001564 0.001526 0.001482 0.001404 0.001301 
MSE 0.016435 0.010140 0.007542 0.006691 0.007993 
TOTAL MSE: 488.02E-04 
DISTRIBUTION: LOGNORMAL 

THEORETICAL PERCENTILES (P) 
ESTIMATES: 9.75 9.80 9.85 0.90 9.95 
MEAN 0.946618 0.955351 0.964288 0.975138 0.987135 
STD DEV 0.000922 0.000847 0.000761 0.000638 0.000462 
MSE 0.041761 0.026454 0.014803 0.006692 0.001890 
TOTAL MSE: 916.008-04 
DISTRIBUTION: LAPLACE 

THEORETICAL PERCENTILES (P) 
ESTIMATES: 0.75 0.80 0.85 0.90 0.95 
MEAN 0.856232 0.870161 0.885855 0.902481 0.928262 
STD DEV 0.001439 0.001378 0.001304 0.001216 0.001058 
MSE 0.018823 0.011026 0.006113 0.003736 0.002851 


meraL MSE: 4W25.48E-04 
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Woe RePperlTloOns FOR BACH OF 1487 PSEUDO SAMPLES 


MEDIUM 


1.0 < D < 20.0 PER YEAR 


= Een ws ee ee SB SB SPS SBS SPS SS SBS See SB SP BFS BI Be eB Sa BP ESF EF E88 SS SP FFB ee SS 8S 28282 28 2 = SS oe a = 


ESTIMATES: 
STD DEV 
MSE 


TOTAL MSE 


THEORETICAL PERCENTILES (P) 


DEMAND RANGE: 
LOGISTIC 
Q275 0-89 
0.845409 0.858922 
0.001482 0.001427 
0.017690 0.010603 
417. 425-04 


0.3 


jn 


Orson 5 / 


WO 


2 
OOhrs 52 


OE UM Ie Bley, 


0-909 
0.896303 
0.001250 


0.0040 86 


9:93 
Geozoe23 
0.001075 


Oa C0s0I5 


ese wee eee Pee a FP SP SSF See eee SP SPS SPS 2S een SFOS SPS SF e242 8S SB FSF BP SPS Bee ss SBP SS SS se Ss as 


MSE 


BeTaAL MSE: 


9:39 
0.893026 
0.001267 


0.003021 


9-93 
0.954267 
0.900857 


0.001465 


me TRIBUTION: 


MSE 


PoraL MSE: 


BERNOULLI-EX PONENTIAL 
THEORETICAL PERCENTILES (P) 
0.75 0.80 0.85 
0.730065 0.787917 QO.834508 
0.001820 0.001676 0.001524 
0.003437 0.003608 0.003449 
149.79E-04 
BERNOULLI-~LOGNORMAL 


Pee ORE LEGAL F SReENTILES 


Q.75 939 
0.750179 9.808666 
0.001775 0.001613 
0.002226 0.002681 
112.448-04 


64 


0-85 
0.852134 


0.001455 


0.002600 


(P) 
92290 

0.904194 

0.001207 


0.002327 


9:95 
0.949477 
0.000898 


0.001410 





40 


RepeerrTiONSs FORTEACH OF 1487 PSEUDO SAMPLES 


= apap <5 PP oP ee ae ee SE ee Se Se ee ee ee ee SE Se eee EP ee ee eee eee ee a eee eee ee a ee ee es ee 


Per aL MSE: 


0.762406 0.822694 
0.001745 0.00 1566 
Cae UOewisen C500 3523 


136.61E-04 
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9.85 Q.39 
0.866844 0.915851 
0.001393 0.001138 


07003797 0.002468 


9.35 
0.953988 
0.000859 


0.001379 





0.95 


Os S202 5 
Oe U0S 272 


0.044655 


Q.95 
0.904930 
0.002458 


0.030113 


0.932035 
0.002109 


0.002319 


4Q REPETITIONS FOR EACH OF 356 PSEUDO SAMPLES 
HIGH DEMAND RANGE: 20.0 < D PER YEAR 

DISTRIBUTION: POISSON 

THEORETICAL PERCENTILES (P) 
ESTIMATES: Q275 0.89 Q.85 0.90 
MEAN 0.695829 0.735554 0.762330 0.791447 
STD DEV 0.003855 0.003696 0.003567 0.003405 
MSE 0.022812 0.026569 0.032141 0.038638 
TOTAL MSE: 1648.16E-04 
DISTRIBUTION: NEGATIVE BINOMIAL 

THEORETICAL PERCENTILES (P) 
ESTIMATES: Q.75 0.80 0-385 0.990 
MEAN OmreecGle Oa7o5975 0.799852 0.857560 
STD DEV 0.003751 0.003599 0.003353 0.002929 
MSE 0.005285 0.024724 0.026795 0.028699 
TOTAL MSE: 1156.162-04 
DISTRIBUTION: NORMAL 

THEORETICAL PERCENTILES (P) 
ESTIMATES: Q.75 9.80 0.85 9.90 
MEAN 0.836334 0.859810 0.883941 0.905503 
STD’ DEV 0.003100 0.002909 0.002684 0.002451 
MSE 0.014669 0.009278 0.005429 0.003190 
TOTAL MSE:  348.85E-04 
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HIGH 


hore eis §OR BACH OF 


DEMAND RANGES? 


20.0 < D PER YEAR 


356 PSEUDO SAMPLES 


_aeeanD eee ae ae ee Sea See OP ae OP Se ee Se eee eee eee ee See Se a ae me ae ee ee ae ee ae eee ee SP SP Se SS SP SP ee ee ee eee ee ee eee ee Se oe 


DISTRIBUTION: 


TOTAL MSE? 


EXPONENTIAL 


-D GD re ee ee 


THEORETICAL PERCENTILES (DP) 


0.002062 


0.002968 


0-95 
0.971445 
0.001396 


0.001454 


0.002097 


0.002267 


0.75 0.80 0.85 0.90 
0.780940 0.818187 0.856974 0.898153 
0.003466 0.003232 0.002938 0.002535 
0.009578 9.007296 0.005229 0.003830 
289.01E-04 

LOGNOR MAL 
Teor n. h@ak PHRESNT LLEsS (CP) 

0.75 0.80 0.85 0.90 
Ono gi1o  OFees33/ 0243895522 0.933787 
0.003226 0.002948 0.002563 0.002091 
Oeuiso05 —O-00e708 QO05005985 0.003420 
325. 65E-04 

LAPLACE 
TSORGL PCAL sr SnheaonlLLES  (P) 

0.75 0.80 0.85 0.90 
Oee2/7652. 046520885, 0,877334 0.902360 
0.003165 0.002975 0.002749 0.002487 
Oeetso59 05000798 0.005345 0.003302 
333.71E-04 


EOTAL MSE: 
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20.0 < D 


356 PSEUDO SAMPLES 


PER YEAR 


40 REPETITIONS FOR ZACH OF 
HIGH DEMAND RANGE: 
DISTRIBUTION: LOGISTIC 
ESTIMATES: Q.75 0.80 
MEAN 0.805812 0.833134 
STD DEV 0.003315 0.003125 
MSE 0.012232 0.008347 
TOTAL MSE; 324.44F-04 


TREORETICAL PERCENTILES (P) 


0.85 0.90 
0.860882 0.892308 
0.002900 0.002598 
QeB00s0G6 02003603 


Q.95 
0.930748 
0.002128 


On go 2397 


MSE 


BeTAL MSE: 


THEORETICAL PERCENTILES (P) 


O275 13) 
Jee 062 352) 
0.003522 0.003151 
0.007108 0.005916 
221. 805-04 


0.85 0.90 
0.877192 0.921468 
U200 2750) 0.002254 
0.004548 0.003092 


9.95 
0.960362 
0.001635 


0.001516 


—_— 4am «4 ae ee ee ee eee ee ee eee eee ee ee ee ee ee ee ee es ee ee 


ap DEV 


MSE 


feral MSE: 


TAgORE TV ECALSP eRe sNTILES..(P) 


0.003647 0.003370 
0.005655 0.004764 
esi) 7) EO 
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0.85 0.90 
Onouy 157 §0.901039 
C0080 - 0.002502 
0.003680 0.902809 


9.93 
02 a0617 
0.001762 


0.001409 





SOR ePEL ETIONS FOR EACH OF 


HIGH 


DEMAND RANGE: 


20.0 < D 


356 PSEUDO SAMPLES 


PER YEAR 


ewe eee Pee SBP SPP PPB PP SBP PSPSPS SP eee Pee BP BP BPP BP SBP PP SPP Pee SB Eee ee eee eee ee eee ee SP a 


Pas TRIBUTION: 


Pot LOALES: 


STD DEV 


oo i 


TCTAL MSE: 


Q273 
0. 829834 
0.003149 


0.013074 


S25e908- 04 


THEORETICAL PERCENTILES (P) 


0.00 2898 


0.00 8963 
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9-32 
0.886755 
0.002656 


0.005895 


0.90 
0.914062 
0.002349 


0.003143 


0.947856 
0.001961 


0.001722 





The usual method of estimating the sample mean and vari- 
ance of a random sample assumed to come from a lognormal dis- 
MetputlOon iS to take the log transform of the data and then 
compute the standard method of moments estimates. This is 
time consuming on a computer as the logarithm must be taken 
for each observation in the sample. Formulae to compute the 
mean and variance of the untransformed data from the mean and 
variance of the transformed data can be derived for the log- 
Meemal distribution. 

If Y is distributed nor mal(uy dy)» then X is distributed 
lognormal if Y = In(X). The mean of X [{Ref. 10] is expressed 
as: 

Uy + tek 


=e , (20) 


and the variance as: 
Pe 
ly +399) / of 
of? = Anes oa (2 -') (21) 


Equations (20) and (21) are the reverse of that required in 


this case since Wy and Oke are obtained from the transformed 
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data. What is needed then, is to solve for py and of in 


y 
terms of Hy and Ofe Subseuseucing (20) tanto (21) results in: 
De cle” = 22 
ee ec (22) 
2 


oO 
which when solved for e ”, taking logs and simplifying, gives 


mao sclution of og as3 


oe be ne 
o2- = 1lni- ---+- ; 
M Uy 


Substituting (23) back into the log of (20), solving for uy 


(23) 


and simplifying gives the solution of Uy as: 


(24) 


Thus the mean and variance cf the transformed data may be 
estimated from the sample mean and variance of the untrans- 
formed data reducing Significantly the computational 


requirements. 


71 





tt i ana en eae sf ee eS ee ee ee ee 








} l ] l | t | l | l | l baunaordt 
}----——-- ---——- --+---- a a a nn nn rn rn nn fe rn on ot HH I 
(92904) ) (32909) | (az90q) | (42904) ! (524904) ' V i 
i HODWSIGNI IHOLVYDIGNI JIYOLVDIGNI | YOLVOIGNI | NoLYoOTaNI J! (azgoqa) | L 
) AIDAD Ulvday | WALI | GaLwiau 1 acrud BNaW | anvYwaa YOLW DIGNII ¥ | 
} DILWNOLINY IaTavulvdayu | Wyuooud I-S3DV7IdauN HOTH IeVITIOdG HOIH | aANYNad | ad J 
|}---——---—-- —- ———- - - 4. — a a nn rn hen tnt 
| 09 | 6S | 8S ' LS i gS | GS 1SOd HD | 
ba ee a ed a ee ee ns i a) a i J 
ne S55 me! aot oe tee es CT (ae mei eile a ecatemaali Ce ieee Mummies ats (ates emia ei) (Oa eS TP | 
} l | " ' zee t 2°78 | 2s 1 ~°es | 6 Iz 1 Wlaunaord 
ban a a nnn a fn nn nn rn nt ne nt Ht - —+--—-<--—— 4--—— - -—} --—- 4 ---——- - -+ —----1 
; (y¥2904) ! (a¢z0q) i(yssod) I (esog) }(wssoa) | (ssoq) | . | | D 
} WOLWOIGNI | qTqood i} 2S0d 1 £gsod | ulvaaul go1ud | 1 (uted | L y 
} GANOISIACUd | GOHLGNW ) dn Last an | oL J! dINan | | | ddA | | ] 
| AIMAN ILNANAUNDONd | UIVdaNl sas | wLSodD I-d2vIdaul NIINISOD IauooAy I qd ' 
t----—--------- +--———-——- -—- ——-—-} -- - 44 -- Hn tt HO HE - HH dT 
| nS | EG | zc-€n | ch-eel ze-Ez | z7-eb | ze-nle-zl 1 sod HO | 
| ee a Nn TOO A re eR ee ee ee ee ee ee ee en a he 8 eS eee ee 





yyHuaT paxty “yOOTG Ted SpIOd.ay OL “pr0csay dq STPYOETEYD COG faTTaA Yndul AWayseW VG 


> Gm eee Gee oe eee 


ad XIGNddd¥ 


pe2 





ae a ee ee ee ee ee ee ee ee ee ee 





\ 8 Q 8 | ~°8 | OL \ G \ Zh i G°S bauNntoradl 
}---~--—--- ——-—----—-—-— 4 —-—— - --——— ——-}} - -——- —- —--—-—-- — — 4 - 4 ee dH 
| 1 (hL0@) ) (sezoa) | .. (a@e€zow) | (aé6ro¥w | v ( 
1 <(wtezog) I(a6toga) | asvoguyo0a | agaugasau Ilarzoo)! aoveday } cacw on L | 
} ALIZNYNO | WAST | GNUNGa | HWA } wovd INCIZISINOGN INUNLaAY ssvol Vv } 
i YIVdAN | NLVdgH IATHALYWNGO INOILISINOOYI LINA | WALSAS l-uWD WOLSASI a | 
} --—--———-- --4. -—---—-—- - -——- + —- —--——--—- ~- 4} - fa tn nn nn ten nt 
| €6L-98t IS8L-Szt | LeL-89L | ZLSOL-8Sl test - est ZTSL-LhL 1} OhL-ZELt ISOd HO | 
[oe en Ee ee a ee ne Ee ne a Se ene fa ee ae ee ee J 
mmr ee. ‘acme Ro ee ee ee ee ee ae cee ae Sins eee 
! G°S | G°S } G°S 1b g°s | GEG cant , zeke aunsoIdl 
}----——--—- ~- -——- -4 -- ——_- —--—- ——- -- . --- - -— -- ——-- f+ - 4 -- - fH - HH 
k (azz0d) i (W6L OV) f (vzzoa) b(6tow) | (ezogq) | (tsoq) J ! W i 
; ATOWATAY ; "a°w ow } TOVUAAY beaq°wonW IadOUNRAY | adv b(ezo9) | i h 
} NYOLaIY ssvd | GNYNAG INVWH | GNYNHAG ThvVH IaNvnaa | anywaq ISONG9Sa1 |! addITl V | 
|} -YWO WALSAS |-USAO WALSAS |-YRAO WALSAS INALSAS | WaISAS | -OSdO ) ATdHSI d t 
}-----———-——__--— +---——----——-_---—— 4+-—---—------- 4—-——————-+ -- -~--—— 4--—— - -- -—-—- 4 --—---- 4. -——-- —-- 44 
| 9EL-LZL } OZL-ZLLIL i O9LL-ZLOL loor-26 |} 96-28 | 96-8 | E€8-LBISOd HO | 
Cheep tp A OE ee ee! a ee ne | ey eee ae 
DU [DI nin lin == aA. lS eo a lh ee ee ee ee ee ee a 
} e* b zee_ | roan) \ Zh h L°Z 4 a Jn | l Iau ntotdl 
} -----—----4-----—---}- ——--—- —- --- - 4 -- ——- —— — 4 - -- fn th tt 
! (Dg005) I(zLo0od) | (vw6ood) | (600d) | (arttog) =F (wetoa) | (HL909) | | 
) ALITWIL § agrve learwen atwal GqLWY b°acw’W AWNIITIAWILavaTl HOLYVOIGNI | L i 
1 -Nassqa 1 gno | TWAIAUNS J TWAITAUNS! -aGvaT JNAW) JINGN | atTavuaiIvday | ¥ ! 
4 WitI | -uVvaem | YIvaaey | wurvagy | -aunaouwd I-dTuNdDONdIONILIOdaN KAYNI d | 
} ------—-—--+4—----—-----—---——- -- —— - 4 —-- -- -- — 4} - fn ten nt 
1 oe-8L J LL-SZL | nL—-ZL ) wbte-69 1 89-99 1b ¢9-z79 | L9 }\SOod HO | 


73 





Cane eee ee eS eC Uh Oh Th eS mc UCU 


! L 9 | L ! ct st st st st st st st st ct st st st Slaungotdl 
}———-—-—--+4+——----——- - ——-}- -——-—- ---——-- 4 — -4--— +4 — 4 -- 44 --- 4 - - 4 -- 4 -- + 4 - - 4-4 --4- -- 44-4 FH 
| | (teow) IUseoov) Ite ter tze tee tor te te tz to tg Ih Je te te V ) 
! woLwd § ALIINWHO | NI 1 alalatl at atal al al al al al dal dl dl it \ 
rc STO Bey CClte(O)>1/) 7 C1 leet) oe Ne I 
| doq lt wWdahSAS | Waadsas | SANIVA WVHLOUd TAVYHYAAO | dg k 
bh rn eran ——}-——-—--———| 
9ge€ | GBE-O8E I6LE-ELE | CLE -EOE IsOd HOD | 
Ve Piel Ss I oe) Re Os ee eee. ne en ee ae a eS 
Poy fea ar os] [og [DS See? Sau Peel eee ne, Gon Gel: (nee GG! Gee) See (mee Garo eens neta ns eres 
| Gl st st sti sist si st sl st sl sl sl sl 7 °8 | 2501 oc el eo 
}----4---4+-——-+---4---+4 +--+ -4---4--4---4- -- 4-4 - HA ttn t-te 
| | | | 1 § btuoeeweodt tote bt te CHezog) § (aezoag) | 4 f 
l te der tee tee tor to te tz to ts Uh te UZ Ue lava wulvaagulawraavatl (aztog)t Y I 
| al atl aladat alalal al al atl at al al atl ontuna J! acanal avs | L ; 
}--—--4+—- 4-4-4 tb tt tty @nynad) 6 |: 6GNWHadIWaTgoudt vot 
| SANTVWA WYHYDONd FAONWNADNIVW } wadsassS I wWSdSASI UIVdaa4Tl dq I 
|} -----—---——~------—- --—- --—- - ---—- —- - ——- - -—-—- —— —— - - - f+ - - - $f et et 
i COE -EEZ | zez-ezz | zz7z-erztizez-60z!So0d HO | 
en Se a a se a oe ee Se a ee SR ee ce ae ee Bae a a eee 
Ls |S Qe tT ae SeNte Toomimert as levees -.  meeran.  oramee otic pennies fo ONE a TT 
| lc ' Coat ! °c i Gt | € launtordl 
|—---~——- ---—_- -----}---—-—-_ - --——-- -——-- 4. -----—- - - - + - - - -- 2 4 HH SI 
| (az. 04d) (9Zt 04) | (9z1 04) \ (zt 04) ISSI LIAILOWI V ! 
bea° woh AWIL SSHD | ANIL SSADOUd | °ar°W°n YIvagY | IVE. Yivday | asgalaogy | L | 
1 -ONd NI Ylvday | NI YIVdaHN | IWIOYAWHOD/ONI!I IVIDYARNOO/ONII ADIIOd | v j 
| ONILYOdAY AAWN IONTDYOdTY AAVNI-LYOdSUNON AAWNI-ZUCAAIUNON KAUNI adnan | d | 
| —}—-—_ —_ --—~———- -—- - 4 -- -- —— - - --—- 4 re te aaa 
| 8072-902 | GO0Z-£02 | 7072-002 ! 66L-L6L | z76i-h6t ISod HO | 
ee EEE nn ny en eT ee a aay | i I aa ee eee na ey ee i a ee 


74 








r a a ee ee eters 





| L | L | L | L | L lguNndordl 
}----—- —_ - ——- -———- - 4 -- HOO en —4—-—--—-— --- ----——-—— } -—- --—-—- ——- - -——- -}+ --- 4 
i (E10) i (VELOW) | (EL OV) | (YVEeLOW) | (erow) Sura | 
| SYIL SWS 1 SHYIL SVASUAAO | GI9Id TIOIDI aAWIdA TI99D | SANOD TIVII I | 
| -YTAO TIVLIY LY ITIVLAY LY SNOILISWN LW SNOILI SWN IW SNOILI-9u LY SNOILI V | 
1 -SNOILWANSSGTY GOZI -VWAUNTSAN IVLOLI-VANSSSY GOZI-VANSSAY TWLOLI-wauasau soz] q t 
|} --—---———-—-—-------- —_} -- - --- —-—- - -—-—- —— 4} — —— - - - - HT 
| 60S-£0S | J0S-96h | G6n-68h | 88h-C8 h | L8n-GLh !SOd HD | 
oi Se ee eee ef ee ee ee ene eae a nn ee ees a ee ee ee ee ee eee 
[Lt Mma oo oe = eS ee ep ee ee se =| tea See San aaa ee eee a | ie) imme ania eeaeee eaiaa eect) amie 9 55 IT SY | 
| L | L | L | L | L lagunitordl 
| ---——--—-—-- - ——-—- - 4 -- ——- —--—- -—- --—_} --—- - —_- - -—— -- - + nt oH OT 
| (werow) SuItl (EL OW) i (VWELOW) | (E10) | (VEL OV) | V i 
1 SNNOD T1vLaul VOSUNWTV }VGAWWTWY SWN vi SUIL SNMNOD ISHII. SNNOD aTVSsl Ul i 
| IY SNOILWAI SYN LY SNOILI SNOILVANSSSY | ATYSAIOHM LY I-2ICHM LY SNOILI V [ 
) -GaSau TWLOLI -wWAsaSaY S9ZI TYLOL ISNOILVANASAY GSOZI -WANASHTY IVIOLI “« h 
| ---—---—-- - -———- - 4 -- ——- - - ——- ——- ——-- - ——- - ——- -- — - - — 4} - a nf nt rt 
| nLy-B9Oh l LOnH-LOh | 09n-nGh | €EGh-Lhh | 9nh-Onh lsod HO | 
ee a es ee ae ee ee eo ee ee an en or a a a if ene ne eo ee a ee ee 
am Ge. sos SV —aa a |. Se SS SS a ee ee oe een 
| L | L | L | L | L | L \ L ! € lquntoradl 
ee ee 4—-—---——- - } ——-- —- ——- -}--- —- — - 4 -- - -——- + -- - - 4 A AH 
| ) GNVWH-NO | S4UIL l aiaIiad Jt SHI, | SHI | (g¢6oa) | | ] 
| GNYH-NO | ansSsI Isvasugao | 11995 J! SNNOdD Ivagnytvl SANOD | ALIANWOAOI AF 
INOCILIGNOOI 40d 1 dITiIwi~au ) SWN ITIviaH | SYN JIATYSATCHMINOTLONGNII Vv | 
| Ww | LI4-LON | GNVH-NO IGNVH-NO IGNVH-NO IGNWH-NOI GNVH-NCO | WOWIXYH | dq | 
|} -----——--- 4 -- ---- -— ++ ——- --——- - - +-—- ——-- — - 4 -- -- + -- - ft HT 


| 6€h-cenh | Zen-97n | GZh-6th lebh-zZin Itt th-SOh InOn-S6El LEE-LEE | OGE-LEE ISOd HO | 





75 





aaa to ee a ee i ee on ee = oe yee 





f \ 1 | ~°8 | Lt } G°S f s°ss laanizordl 
}-—~——— - - -——- - -—- }--- --—___ - }--—-- - ——- -- 4 - ———- - -- -4+- -- 4H HF 
} } [ | l (x)ad | | | 
! aaqoo | ) (e€soq) | lagauwnos I- antwa | L ‘ 
! anoyo INvIad | gwotu¥a ISYNVIG | WHOIS - | wouud | | ! 
} ATINVG | \quWOaNVAS | ITONVINWA IdaL0RaxaI G | 
}---—-—-—- --}+-—------+--- —4—-—— ——---}-—-——_-—- -——- }--—-- -——-- -+4--- 4 
1009-46S | 96S | 666-985 IS8S-SLS I HLS-S9S Ih9G-SSS ISOd HO | 
SS SS nel ee DS at ae ees ot ae eee Ae Qe ee es Se | 
Ee sSt*~™~—‘—CSSSOSCSC 
G°SSs | G°sSs L L | L L | 3 iauntoial 
} —~-—--——__ - -—- - ——-- 4 —_+- —--—- -—- ——-}- -—— -.-——-  - --—- -- - -}} + 4-H 
| a) } L2 - YALISNOILVAI ISLNAWaANIOI } woLova | V | 
I\MaLNYNO GNOOTS I-uWNd LSHIal -YaASANISNOTIVAI-OFN NOII!) YOLVOIGNIINOTLVOOTIYI I | 
; JHL do ‘ JHE do | ONIL I-uasayu I-vwZITIGOnIWaTavulvdayl vaanviyv | | | 
} WHEL youu ) WHGL wouual-dIaainol Wood IdaagLoaLoud) AdAL i SWN , qd } 
}-----——_—--—-—-- —-- 4 -—- - —--—_- -- —- 4. + -- - ——-—-} - -- -- - -4}4} —-—-- —- -- 4} tH 
} hGG-Ghs lb nhhG-SeSs Ithes-ezsizzs-tzsl ozs-nts | ELS ' zZtsS-OL1S tsSod HO | 





76 





CSS eee, oe inet scr eee he cachet: ens. 





Poewitlioeu i h | t | dunsoldl 
| --—___}----- --4+ ---———-_ -- + --—- ---- —4+-——_ — 
' } ‘ ] | | 
i } ‘ | ' L l 
1 nOw | TAARTT | GNAOWW | xwa } Vv | 
l od } | f qd ' 
} —--——— 4 -——- - - - - 4 --—-— —- — - -4 -—— —- - —- -—{ 
| 009 | 66S J! 86S6-S6S | h6S-L6S | SOd HD | 
a a ee ee eee 
Sener ei gg ee een eS ei earner) ee eae eg ert een a ae ee ere Soe mee Ol 
| t | l ] l 1 4 ] | l ] t lo of | l bauNIOIdl 
2... 4+—-—— $a nnn th nnn te nt tH 
! } gaoo | \ \ l } | ' v | 
| ) GNYNada | gaqod | agaood |} ' } : | tf 
| ALINOTYG | ONTY JIAGNVWHa TINIOd I°°°*?l THAGT | INNOWY | AVG | ALINOINGI v ! 
| } -uynagy | GdAL JAYLNA | | og | | ‘ ad | 
ee $—-—— --——_}- -—_ -——_-}- ——- -—-—- - 4. —-———- - 4 - - - -——- -- ¥ -—— —- - -- 4-- — - - 4+ SH 
| 06S ‘ 686s |! gs8ss I 4es | | £2 tt 92z-€2 | O7-61 I SL l!sOd HO | 
of Ee aes! |, a re ee J. eee ee an ie eee oe ed es ee he ee 
Satire st. -) ie haan “ina =< sf Te (Sonim inniniea ctaaibent: [eee CameteSk Senin ama Bremner Mtr Aaa 
Pour id feline’ Io oben If in | l ! l ) 4 roeeiséod t tlayniotIdl 
'-----— +--———--$--—-+-—-—_ --4}—--- - — - + - } — - - nt Yt Ht TH 
l gaoo | | } f \ | \ | | I | ! 
lanvuaal aaod |! gaol } } I qqoz t gaod t aaodl (nu) I Af ] 
) ONTY IGNVRAGILNIOd ITSAGTILNQOWVIAVGIALINCIYd! GNUWNAG IGNYNGC HINIOd! GdAd | ¥ | 
b-ynogaul aAdkL IANINGAIL og | ! l PONTUUNCAM! AdAL IAYING lavoogyl qd | 
t---—--—-+---——--4+---———- + 4 - 4 HOO —}---—---— ---4-- ——-——_ 4 ----——4------++-—---- HH 
bo ae dd OF OF Get ne tl €r-orlte-9l G | h | Geretil., ceil 1 -ISOd HD | 
a Ce a ne Le ene ee mye. | ee ee ee ea ae Samper eeny eee OMam mye en 


YZbueyT paxtad “YOOTA Aad SprODaeYy OL “pAODSeY Asq srzsqcereyy OOO *SAaTteiri,_ puemsed WS 


77 





sa 


a 
% 
eB 
mee 
a 
oe 
IR 
i 
Hi 
eB fe 
i 
te 
eB 
gra 
a Ea 
eX 
fe 
ray 
RRS 
oR 
co es 
a 


VLUG YSASNWVYL OL GASN AWNYY YALOVYVHD -- (669) ¥ 
>SAJAVINVA AO NOILINIAGAG 


“hOOSAW WOUT ATGNVS FHL 

GAATLTYLIY OL DAXT LAOSAW ASN “°aAauNINOAN SI LAS WLVd HYAAAHOINM 
HOd GAONWHD dd LSAW LOOdLOdd HOF AdAddTIA AHL “Viv 

Yc HOd CSISHHL°ThH9OLS °SSW GNW WLVd Yt WOd LSISHHL’Ch9LS*SSW 
NO GdyOLS WLVd AGNWWaAd OSY YOLVINWIS WS OSWd 

AHL WOWd ATAWWS OFNA NI L VW AWVL OL GANSISAG SI WYHOSOYd SIHL 


“auNdd Odd AHL JO HAMOd 

GHL ATIHAA OL GALVNTVWAT AG GINGD VWLVd dO SLdS LNAGNAdAGNT 
“KVM SIHL NI ‘°URASNVHL YOX WEVA MVY AHL AO NOLILYOd VW A‘INO 
LOITAS OL ATAVY SI YaASN AHL “OMA ANV LUYVIS SATAVIYVA AHS 

JO SANIVA AHL ONIDLAS AG “AaANALTIVNN GaTdOO AudW dquOodd NIVW 
HOWT WOd SACHOOTHANS ANWWAd TTV “G4ada¥VISTIC ANY SISATWNY SIH 
NI ddSfh LON NOILVWHOANT ONT LNASAXdTY SEZNAWA TI WLVd ONINIVWAY 
AHL “daIdOD STI HOLVYOIGNI GYODTNANS/AYODTH AHL AINO “SAHODTY 
NIVW GHD 4Od LVHL NI ATLNAXYTATIG GaLVa eh AWW SdwHOoTHANS 

QNWY SGH¥OOdu VWL¥d NIVWW GHD "“WHLSAS WA AHL OL ATAISSADOV SI 
LVHL YSTQC WAASNWYL ¥ OL SGHYOOTH EZNdNI FHL SaATdOD ANWV daAOTAd 
GOVYOLS SSWW AHL WOT VLVd MVY AHL SQWAY WWHYOOUd WAOLSAN 


as 20) 
rete) 
LO 
a 0) 
see) 
waz 
4278 
seat) 
RO 
te 
aig 
5 oO) 
eR) 
mt 
Pi 5 0) 
eit 
ase) 
rx) 
os ES 2) 
yO 
Ey 20) 
ririt 2) 
Pipe 20) 
str 


Pe OBS ERED EA ES bee PSEC LS DH CP LES LALA SA IY Sats SAE SE SR SERPSE ODS Dad CEA LATSS ORBLE SEES MADRE ED MOSLE REY LARP SERS VEC L AL Le Bere se ee th Se tat: 20) 
& Ad NISAS°LYOds/ 


ITOIXLHOT 0d Xd 


// 


Z=SSVIDOSH“A=SSV1ID’»sLNNOA NHWW.’(GHOO’ZH9OL) GOL YSSLNNOKS/S 


i XIGNddd¥ 


78 





0Z OLOD 
(66S’t=1’ (1) ¥) “N (OB=ANT’OLB’ LI GYa4a 
(66G’L=1’ (1) VN (COL S’“Z)ALINM 

O€ OLOD ((Z "OR? NDC IBON?) AT 

FTNNIGNOD 

(66S’t=1’% (I) W)°N (OB=GNR 7018’ L) aWau 

N (008 ’°Z) aALTum 

L + LNO = Sno 

lL + NI = NI 


SQHODTNAGNS AGNY SGCHNOOTUY AANISAG HOOSAW OL YSAASNVUL ONY AVG 
Oh OLOD (C(LYVES°OR? (OANA LENI) GOW) CONV? (L°OS°N)) PLON*?) ATI 
ANNIGLNOD 

N (O8=aN7 ‘OOS’ LI GVAY 

QO = Luvs 

“NWALI ANIT LSYLA GANISHGC OL LYWVLS Las 

L = Oud 


“KONGNOANA ONITAWWS GauISad OL OdudA LAS 


/0/LN0- */O/NT */0/a09 
“LH VALS “OANA “N * (66S) ¥ 
hwldT OT INI 


Oc 


U0 NU 


Ol 


oo 2 


UU0 


sp woe a a vez ale aa ones a ata deste ats ag Le Re ahs aia haa age oe a vp a Be vin oat ie wee ae A a oe es ao head a ate eos ae ee Bee RO 


BeBe 
BR ce 
wm 
Stes 
a 8 
Be 
9 
ma 
i) 5 


l 


= OFud GNY O = LUYVLIS LAS “HOOSAW OL ATIA AYIINA AdOD OL “ALON 


GYW3Y OL GHYODTN LISHYIA AO YAAGWON GAHNODTHY -- Luv LS 

NA LBINYM SdGHODRN JO INNOD -- LNO 

HOLWOIGNI aduooduans = C/dNOOe HY = L -- N 

qvdu Sduooqay dao INNOD -- NI 

KONANOA YA ONITITAWYS -- Oaud 

NOLYVOIGNI ATIdA AO GNA SY ATIA LNdLNO OL NALLIYA -- AOg 


six) 
ui 
tar 
sO 
tO 
HRD 
EO 
EXO 
mrt 


ee, 





// 


LNdLNO*ZHOLS=NSQ // 

“(i ’t) TAO) =D VdS’ (0009=S3ZISNTE’009=T 9987S A=WADTAY) =G9a Vhs 
* (ddd N‘ MAN) =dSIG’ HOOSAW=YUAS=TOA “OSGEE=LINN AG LOO0ATOLA*OD/S/ 
LSISTHL°ZHOLS °SSW=NSG’°YHS=dSIC Gd LOOdLOLA° ODS / 


aNd 
(,°LNdLNO FTUIMs 
*, SGuoDTN «.’ST’.,GNY NI G¥SN ANAM SauooTN .’SI’/’sSaNOoTN » 
“E€L’s AUGAT ONIddINS GNW o ‘EI’. GHOOTN TY ONILYW IS s/) DYNUOd 
((LYSL) O° LI) LYHUOd 
(tI) LWWNOd 
dOLS 
LAONI‘ORNTLUVELS (0787) ALINA 
1 - Odud = O9NA 
40d (008°2) aL1UM 


HaMNVN ATI4A JO GNA FTLIUM 


ANNIDNOD 
OL OOD 
ANNILNOD 
ANNILNOD 
0S OLO9D 
N (O8=aNna ‘O08’ L) aGWa4y 
09 o109 ((Z °O04° N)°LONS) AT 
ANNILNOOD 
N (08=G0N9 ‘008’ 1) a¥a4u 
Lt + NI = NI 


SGQYOOaNENS GNYW SCHYOOTHA CA ENVANN AG dis 
ANNI ZLNOo 


OL OLOD 
GANITLNOO 


i/ 


ft, 


028 
OL8 
008 


0S 


zoooOo 


Of 


80 





sa 
oe 
oH ES 
aa 
ap 
a; 1 
Bo 
oF 
Ky Sat 
cB x 
mB a 
Be sy 
SB) 
4 Sh 
al gt 
ae 4) 


fs 
EE 
SES 
$2 
rant 
am 
on 
a as 
nat 
$e 
gt 
on 
mitt 
oe 
sah 
2a 


KQNIS OL STAGCOW JO YAGNNN -- 
YVGA JO HDNOW OLYAWNN -- 
SH LNNIW -- 


aSN IWHGNdHS WOd XAANI OG -- 
ATGWYS NI GaSM YOLVYANAD BYAHANNN NOGNWHY HOd ddisS -- 


SOIZSONOVIG ONTEZNIYd YO 4ALANVUYd ‘IOYLNOO -- 


MSIG YWALNIYd JO NYS -- 


ANILGNOYGNS SLVLS WON ddoo NUNDAY -- 
SHGaLANWYVd TOYZNOOD WYHODCUd FO NUS -- 
LNdLANO TUNIWYSAL YOd NYS -- 


AYOSA LYO GNWNGAd HOWd NI SadTdWVWS dO UJNNMOO -- 


BSadd YdGNN ATdWNWS YOd ANYOSALVO GNWWdd -- 


AO HS — 
LSdhl OF SATIDNAD¥Gdd NOIDNAISLsid -- 
ATdWYS BSYTd YOd AINO ANUL ATAVIYVA WOrlsoT -- 
SAN TWA TWOILSTLVLIS NI SHOuNd YOd LSAL TWOTS0T -- 
HLNOW JO AVG YVANA TWO OTYAWNN -- 
SQNWWGd HOITH ANVW WNIGGH 
“MOT YOd SAINOORLYD ANWWAG AO SINTOdNVaud -- 
SGN dO LVOTA -- 


-SATAVINWA dO SNOIDINTIAYG 


STAdOW 
OW 

IW 

c 

Gada St 
Lud 
EN Ladi 
Yat 
CnASUs 
LNONOT 
JI 

I 

YH 

XA 

LSY Id 
Youdd 
AQ 


BW 
NV 


“KYOSALVO 
HOWE NI YAEHNN AHL YOd Lda SINNOD GNWY SdITNOSaLYO AGNVWad 
HOIH GNW WNIGGW “MOT OINI GUZINODALVD OSTV ANV SATAWVS FHL 


"OUEZ STYVNOT SAIYAS ANWVWAG ANY JO NOILVIAGG GUVGNYLS °¢ 
“ONO NVHL YALVEaYD SNOILVANASAO ONRAZ-NON JO YAAWAN “lL 


GHW GaNOGHD SHALAWWHVd aud 


YA HDYNA SHOdAE GAGdHYVOSTC SI aAIdNWS AMTLNA AHL 


AT@VLddOOV AGISINO AYVW SUYUALTANVUYVd AH dl 


“ONTSSHO0Ud 
*SLIWIT 
“SANTI ZLNOYGNS 
AG GANUN GAY SHALANWAYVd ONINOAHD AG GaLVYNTVAd ONT 

WLY0 AHL YAAO TOULNOOD YW SY SNOIDONNdA VHS 

“dNNGAIONd ONTTANVYSHY AHL YOd WVHYSONd NIWW GHD SI SISAL 


sat.) 
xxi ) 
wise OD 
xO 
s3%2 
xe OD 
Ly 
rx) 
wx 
Xxx 
yO 
mg 
Kage 
nine 
vir 
Pete SO) 
arg 
355 00 
zat) 
yt 
x35) 
uxt) 
“az 
ra 0) 
he 20 
OD 
PEs 10) 
ure) 
st 
xr) 
LIX) 
turk O 
KI) 
gtsit OD 
gO) 


Hj XO ab pe ae abaya ae ae sig ok Sh Sse as ak ge HR Ga aha aaah ha ae az ne Le a oe a ABH a ote a ates aie ah ay ade ate he pave ae Me alee hare eae Eee 


81 





Ba 
ses 
a 
eR A 
pa Ba 
em 
Xt XN 
yi 
Ba 
x mt 
iG 
a BA 
TAX 
am 
at os 
em 
Bx 
eB 
og oH 
% et 
rar 
a Bx 
BS 
8 B i 
Bo Ba) 
ym 
Bx 
Eo 
og 
eB 
5 
PAB 
Xe ES 
PB 
ee 
7) at 


HOUMA ANWNOS NWAW AOVYAAY ANY SSADONS ITINONYAA 
SA LVYTNNNOOW CTANIX NI ddaLNdWOD ANTIVA X dHL 
LSNIVOW SESHL AGNVY SATdNYS OdNdSd SALWYANd 5 

NOTZGONNA ASHAANT NOT LNALTYLSIAG AHL WOUd ANTWA 


KevsSsSios 


HAAOdY dO SNOITLVIATG GUVGNWLS GNW NVdAW Sd LNdWOO 


GW AHL SALNdWOD “ALITIGVACUd Y NAAIO 


SNOILWANASEGO OYAZ-NON JO DOT “E 
ATINO SNOIDWAYASHO ONAZ-NON °C 
Vivd MVY “tL 


-SMOTTOA SW SNOILVANYASHO AGNWNdAd AAYHL AO 
AVHUYY NY SLVAHD GNVY WSTIC WONT WIV AVY SdVi¥ 


SNOILINIAAG ATLIa TVWILZINI dn Shas 


>dau INO SANILNOMGNS 


YWHAA JO ANTVA LISIA OM 
ANIX ANIZLNOUGNS AG GANIWHALdAd LSdid 


YAGNN TAGOW ALITIGVYdOud HOVE JO ANTWVA WSSIOSAY 
dnNouwS GNWWAd HOVGH dO NOTIVIAdG GUVaGNWIS ATdMHYS 


SQNODd S 


SdLWWILSH ATILNADNdd ONILVINWNOOW YOd YAANNOD 


GQNWWAd OWAZ-NON VY dO ALITIAVdOud 


SNOILVWAYASGO AGNWW4H0 OYAZ-NON dO DOT CE 


SNOITLYVAYASGO GNWWAG OYAZ-NON °2Z 


SAHAILWVSAN SNIAOWHAY YALAVY SNOILVANASEO MYA “hb 
AHY SNWNTOD AYSHM SNOLTLVWAYASGO AGNWWa4d dO AVHUY 


SSd 


“dnouo H 


SNOILILAdANY ATAWVS OGNASd dO UAGWNN 
908d OL SNALI ANIIT JO MAGWNN WOWIXWH 
LSAL OL SATILBNEDNTd ATdNWS dO HAGWNN 

MGN STYNOA SAVMTY (L) SGOUAN 
DWH NI SNOILWAYASGO AGNVWAC JO YAaGWNN 


8h SI LSdL OL SNOILVWAYASGO GNVWaAd dO HAaWNN 
SNOTLWAYASEGO AO dNOUS HOVdA JO NVAW ATdIKY S 


TWA LOY 


a TILNdOvd d 
“SA GaLOIGaYd JO HOUMA GaANWNOS NvawW 
HVGA GAHL JO SHLNOW YALOVYVHO 


aTdWw¥S 


AN IX 
SLVLSL 


IVLINI 
Nad dO 


HA 


X 

AQ LS 
oS 
LW Hd 
d 


SdO 

Sd aun 

Goa dN 

ATILdnN 


Sd0u aN 
4 aN 
OW 


a SW 
HN OW 


ser 
gr) 
xO 
sg 
Gx 
ueRO 
Kixz 
siete) 
WA) 
shvc) 
#1532) 
a2 OD 
eh 
1982) 
mx 
sO) 
set) 
rst 
sr 
HO 
sar 
HzO 
se 
xsat 
wx) 
He) 
LO 
xsxfe 
ERO 
ax 
ry) 
sat O) 
oO 
iz) 
rx) 
Kage 


82 





SNOTLYAWYASAO JO dNOD HOWE HOd SOIST IVES OISVWd NaN J 


NW / ((Z)SGOUGN) LVOTA = d 

"aSTWd° = LSUld 

(0839’°9ONHGN “SGOUGN’ SEO’ HAN’ LSYII) IVLINI TWO 
GFQNIZLNOD Ot 

(Y4GN) LVOld = NW 

o°zit /7 (e)L¥D = (€) LVO 

O°zt / (Z)LVD = (7) WD 

SddUN’COAUN Cs’7TNSaI)avay 

(7)NSdGI = zcysaI 

(, SISHHL.s)NAdO TIVO 

(O€) HSAT % 


“INIUdI *LNONDI “NINOOI ‘Ludi 9 
/SATIA/ NOWNOD 
/°ANNL*/LS UTA “NOuNA P 
LxTVYOL9OT 
466°0°06°0°S8 °0°08 °0°SL’° OS (S) XI °/66°6666°0°02Z°0°L “0° OF (h) LYD st 
“/0° 080617 (S’0L°E) LWHd “70°00 GI7 (G“ OL ’°E) ASH rt 
“(€’Sh) SAO “(G’OL)X 7 
“(€) AGLS “(¢€) oW ef 
‘d “NW * 
heTWay 
AeA 7s AON “2 LO0e ’ eddSe’ sONWe se TNG es “ANN Le’ eAWWe “ede ti 
"sAWN ee eda ae “NUCL e/S (ZL) HENOW “/0/9ANUGN “ INONOTL zy 
*/0/ 140 YGN ‘Cc “/OL/STAGON “/OnHLZE6E/AIASI Ki 
’(€) SAOUGN “/OsE/ (€) O° “SdHUN “/G/ATILAN a 
*GDGUN “/BhH/UGN *LudI ‘INISdI Ps 
“Hal “cUSAIL “TI “y¥SdI a 
“dH 9S “IW "IH 8 
‘ar “ka “OW “Uk o 
oud OF INT 
PA BAB Sete ta stae Bs Bi toee e Bots toSA ee Sete re Saree ce. Bee tot See, POR SeOR BPE RoRctee SALLE B Poe Pot st bee sh Bary tote SALE Sea Ee ee ote 20) 
Ay Oe O 
ait es LYOdaa INdINO SALWYANAD -- LNd Lo sie D 


BS WHLSAS WOHNd HVAA GNVY AVG’HBLNOW ONY ANIL SLAD -- AWL LY Ie) 


83 





* Td dOW 


AHL JO HOUNT GAYVNOS NVGW AOVUYAAN AHL GNY SASSTDINS ITINONUAG 


JO YAGHNAN AHL ONINUNLAY AUNGHDIONd ONITdRYSTY LONANOD 
(QAI’X“ATILAN’STACGON’XA’AGAS’NW’d) ANIX TIVO 
“STAGOW ITIY YOI ATILZNADYTd HOVA AO NOILYDOT ALNAWOD 


1 + (1)9r = (1) DI 
ANNILNOD 
fa. i 
ANNILNOD 
0S OLO9 
Cea i 
Or OLOD (fF) LVD *319° (tL) ONW) AI 
ANNILNOD 
0S OL09 
t=I 
o€ O£©09 ((z7)LvO °b9° (tL) NW) Al 


NVGW TIVYadA0 AG SATHOSTLYO GNVWAG OLNI AGCIAIC 


(e)sdouan’ (E) anaLs’ (e)on (OZO“°ENINYAI) ALTIMA (G °99° LYdI) AI 


d’(z) aaqzs’ (zZ) nw (OLO’LNIYdI) TLINM (SG °39° Lud) AI 
(L)AGLS’ (LJ) OW (OOO’ININAI) TIINM (G¢ "99° Ld) al 
OL OLOD (HoNUa) JI 

1 + THQHUGN = THGNAN (NOUNNR) AT 


O STYNOT NOILVIAGG GUYGNYVLS YO TIVWS OOL AI ATdWYS GYILNA dius 


ANNILNOD 

"INnUL? = wound (0 °AN* UI) AI 

(agz’ (ec) aaLs’ (c) an’ (c) Sacuan’ (ce ’L)Sa0) SIVISL IVDO 
: e’t=e£ OC OQ 
“aISTV¥a° = woud 


O00 0 


OO0 


0S 


Of 


O€ 


OOO 


NOOO O 


84 





ONGg 
Gol eke ee a tek rz 
“, NO 6/4ZT 702 CU ot Ci’ sn LY GALVYANGD LYOdINO.) LYWUOd 
(,GNYWSG HOIH SW GANOISSY SGNODTN w’hl’s AISSADONd Os 
“/, ,GNYWIG WNIGAW SV GANODISSY SGNODTY we’ hl ’s GAASSADONdOs 
“/ ,GNWHAG MOT SY GSNOISSY SGNODTN wa’ hl ’s AASSIDONd Os 
a Aad el ag >SONWNAG FAILVOGN HLIM SATdWHYS JO HAGNNNOs 
*/’ET’s *SOILSILWLS wOOd AG GALIIZAG SATAWYS JO HAAWNN-. 
“/* ,SOLISILWLS NQY AUWWWNS X07 ’ebs) LYWHOT 
(OLll’s >SNOLLVYANASGO ONS Z-NON JO UAGAGNNN 2’hH°Old 4 
*,sNOILVIAGTG GHVGNWGS ATAWVS ow’ th’ Old’ s “NVUW ATAWWSO.,) LYNNOd 
(9°OLd’s “NOILVANSSGO ONSZ-NON VW JO ALITIAVGONd 2’ h°Old $ 
“,*<NOLLVIARTG GHVGNWLS AIGNYS ow’ h°Old’s SNVAW ATGWNYSO.) LYNuOd 
(mh -Otd s 
“,2NOILVIASG GUVYGNVLIS AdWYS e’h*Old’s *NYAW ATINVSO.) LYWNOd 
dOLS 
(LYO°SSW’LVHd‘ OL’ Xa ’SdTUN’ATILAN’S T90OW) LNULNO TIVI 
YA’ (OW) HENONAG‘OS’*IW’NH (OhO°LNINdGI) ALIN 
HA’ (OW) HEINOWAG‘OS“IN’UH 3 (0n9°LNONDI) ALIN 
(e’L=1’ (1)DI) ‘OANNGN’TAGHGN (OF 9O’°ELNIYAI) SLIUM 
(¢/t=1’ (1) 91) “SANYGN’TRHGCNGN (0€9’°LNONDI) ALIN 
(GH°OS’ IW’ Har ’AG’ OWA) GNILVYG TIVO 


< 


fH <b de & 


LYOdaY LNGLNO ALVYANAS 


ANNIGLNOOD 

Ot OLOD (GDFUN CLT? (€)DT4(Z)9T4+(1) 91) Al 

ANNILNOOD 

ANNILNOD 
(ASW’°LWHd‘Xa‘X“ATIGAIN’STICGOW ‘ICU AN’SEHO “G9a SI)ATANYS TIVO 

SdduN’t=e£ 09 OG 


On9 


0€9 
029 
O19 


009 


aU00 


OL 


85 





EBS De tate Me Deeb S Sabet roe certs SR EAE Seer ee eee ee SORE One Cost Pees Eats Be BOE OtY OBS. BR Bk SPORE ko BEB ye Sele Le Be be De te B: 


eas, 
i et 
aS 
Ps fe 
aa 
wy ER 
ai 
Xi IN 
Pea 
aOR 
mae 
a 
A 
ad 
ee 
SB 


aR 
| 


(Z-O°H-¥) BSTIVON LIDITdIWI 


L86bk ONW INNOAX WUWH AG NADLIOM 
$ULS Aa TTIVO SANILNOYANS YAHLO 


“KRYWSSAOAN SY SAUWIL ALYTHL 
OL dN Ga LVaddey YO ENO LAAT Ad AWW GNW TIWNOTIdO SI ¢C ANIT 


"OLE “°NOOTE “TOTNT “AL “SHALINVUNd AIGaTLA 
IWNOILdO SSAI1I YO FAAIA ANW SANIVA ONINIWWaAY 
“LV OL SLINWAAG AGOWATIA “°AdMALATIA GNY AWWNGATILSA 
THL GNW O/I NYSIG YALNIYd NYHL YAHLO YOU SHYAGWNN 
AFDIATG O/I OL GANDISSW ((x7’S8V) 2°XS’SI) IW HUOd °c SANIT 
sLY LNdINO <Nd>a ATIA INIYd YOA AWVNATIA ANvV 
“¥SIG YUALNINd “’INdINO TWNIWNATL ’INdNI TWNIWMSS 
HOd SHAGWON ADIARTG O/T GNW GUdI ATA INVA 
TOULNOD LNdLNO OL GANDISSY (eN’XS’SGIh) LY WYOd “tL FNIT 


>SMOTTOA SY ATIA FJHL SGVAY NAdO °,SATIA 

$AWYNAs GANWN AITId VY AAVH LISOW YASN AHL “ALVYAdO OL 

“SLINN WYNDONd YAHLO OL ATAISSADIV 

WHHL AYWN OL GANSISSY S,sNUSGC AHL HELIA WOOTE NOWWNOD Y 
SAZIIWILINI OSTY NOdO “ATIA WIV FHL NI GAIIIOIdS SINAWNDYY 
HLIM SQNVWWWOD JAGCaTTIA SWO AHL AINDAXA OL SWOLYA ANILNOUGNAS 
WALSAS BZHL STIVD NAHL NIdO “°WYNOONd NIWW AHL Ad GaNInNoIY 
(NUSaG) SUYAGWON AONANAAANY LAS WLVA AHL ANIWYALAG OL ATIA Wiva 
VY SGVAM GNY WYN9NOUd NIVWN AHL JO INAWA IVES ATAVLNOAXT LSuld 
FHL SY G3ITVD SI NXdO “HOLIARTA GANINOAY AHL OL WLC LNdino 
GNY LNANI OL GANINOATAN SNOILINIAAG AVIA WALSNS ONILVYIdO FHL 
TI¥ AIGNVH OL GANDSISAG ANILNOUGNS ASOduNd TWHANAD W SI NaAdO 


2) 
8, 
poz 
ttt ) 
sh 20) 
gate) 
gee 
wx 
ste 
sate) 
vaste 
Vigo 
tO 
soa5ee oD 
SO) 
reste) 
ware) 
it 
wor 
sexe 
eet 
eit) 
eer 
yr 
wg 
IO 
sree) 
rw) 
xix) 
sam 
EIS2) 
eure 
xt) 


SAMA Re ae aa easly mp Meant Aa aes a aa ak OAS Me MM NN es Os a Me a ee a a ae de AY 


(¢TWYNI) NA3dO ANILNONANS 


86 





(er) uvd = (£)¢2d0 
Gt O©OoD ( (ft) Wd “AN? (£)g$Ld0) aI 
G’t=fF St od 
(G’t=0% (C) $IdO) “$IdALA’SAWYNG’ (1) NSGI (OE=QNA‘OLL “66) aVaa 
Ot “t= Poe OG 
dWLI = LudI 
((x7° BY) L°XS’°GI) Leno O1l 


O 

SNOTLZVHYAdO ATId ASIG HOH VLVd dvay 2) 
) 

L 


FONILNOO 0 
((reduwda’ (or) ava’ (6) uvd ’ (g) ud’ (ZL) uvd 5 
“(o) uvd’ (¢) uVd’ (mh) Uva’ SAWUNd’ (€) eva’ SINT Yd’ CL) aNd) SHOLYA TIVO 
Ol O©OD (9 °O4° ININdI) J 
(LNIYMI)$YLS = F$ININd 
((rhidavd’ (9) uvd’ (Z) uVd’ $LNOND’ (4) 8 Wd) SHOLYA TIVO 
(LQONDI)$ULS = F$INOND 
((rrdavd’ (9) avd’ (7) uWad’$NINOD’ (CL) UV) SHOLYA TIVO 
(NINODI)¢UYLS = $NINOD 
(gu °XxXS “GIt) LYNWHOd 0OL 
SAIMWNG“ININdUI’TNONCICNINOOI’ dWII (001’66)aNa4 


Oo 
INdLHO GANILSSC YALINING ANY O/I TYNINUNGL YOd Wiva avay 9 
e) 
((reduwda’ (9) uvd i 
*(c)uvd’ (zL) uvd ‘Sanna’ (E) UVa ’SNONG’ (L)UVd) SNWOLYA TIWS 
(66) $ULS = $WANG 
0 = LudI 
3 
(S)¢Ld0 NOISNAWIG 
/ a ae r aA 
‘ys SaTIds ‘y WUdds ‘. FEL» ar WOOT» x 
‘y Wide aA WAIDTY es aii da os LWe i 
“, <INdbnos ae ySIds *, TYNIWUGL *, daqITIde/ 2 


(nt dYvd OsIVAY 
(OF) NSAL’INIVdL’ LNONDI“SNINOOI’LYdGI /SSATIA/ NONWOD 


S/ 





GN 
NUN Lay 
66 GNIMAY 
((t) uvd) SWOLYA TIWD (Ob °39° LHdI) AI 
FANILNOOD 
GTNNILNOD 
((c)$¢id0’ (mh) $1d0’ (€) $1d0’ (7) $4a0% (tL) LAO 
“(Luduva’ (9) Uva’ $FdkLa’sanwna’ (e)uvd’SwANa’ (L)Y vd) SWOLHA ITO 
(OLVS’XOL’/OLWL’.s oo) LYWNOT 
(¢’t=e’ (ce) ¢$Ldo) ’ (bb) Uva’ (9) ava’ Sad kta 
"SaWWNG’ (QC) Vd “SWONG’ (L)UYd (OO7T’ENONDI)DGLIUM (02 °39° Ladi) dI 
((r)ysdI)¢uLs = $WOANG 
ANNIGLNOD 
ANNILNOD 
9L OLOD 


O€ 
O¢ 


002 


9t 
St 


88 





WON AWHYWY NI SYALOVYVHO OITYANNN VHA TY 
SV dHYOLS GNY TWAI WOUd AWIDL VY LY ANO SHALOVWHYVHO LOVUDXY 


(TWAI)SAVI = dWaLI 

0009 OLOD ((LeeOlst- “ATI° TWAI) “HO” (8H%e20lL °F9° TWAI)) AL 
YN TE ¢q 

@ = NI 

(OLI’s = UROALNI LAANI ») LYWuOd 

TWAL (LOZ’ETNONOI)ALINM (02 °A9° LUdI) AI 


(ga °(L) WONO) FONTIVAINOT 

J »SULS s/FOINNA HeUTOTINI 

ibe 1On she 1908 aGu ate’ ols 1Ca, eh 1007 (OLIMISEOD PeIVYDI9071 
J v-s/SONIWN’ (8) KONO ’ (8) WAN Le TVOIDOT 

(OC) NSAI’ LNINdI’LTNONSI “NINODI’LY AGI /SATIA/ NOWNOD 


QUO 


LOc 


eye 


J A/INTA’SA OBIVAN 
95 ae aha oe on ay ade ote 8 ste aytace alg a ezte vk ea Se ahs on oa he ste abe ok a ate opts oe at a ah ap he oh Wh cts Fe eae a a te ee ah ote ote ae heats arte ieee ote as tet ie O 
a 3 
ee 186l das INNOKX WHWN AG NALLIVM 


i 
am “TNAUSSHOONSNN NOISUYTANOD JI 0 dO ANTVA YALOVYYHO VY SNUNDLAY FULS 


are 
sate "WVUONOUd ONITIVD AHL NI Oe2IVAN GXIdAL FG LSOW $ULS °ENdLNO 
igo NOILONNA SHL SY NOILVINASTYMdTY DINAWNNVHdGTWY OLNI 666°666 ’6- 
ct OL 666'°666’66+ dO AONVY AHL NI SANIVA YAOTAINI SLYTANOD F$ULS 
ai ss (“AUVSSTOAN AI SYNWVIG HLIM 
5 a LHOIM JHL NO GHaGG¥d GNY GFUIAILSAC LAIT SUALOVYVHD THOTT aa 
rH LSAW SINT WNNMOUNY ODIMAWNN ING “’AFIAILSAL LAXIT SYTLOVUVHOD 8B OD tL 
i oe WONT FTA AWH SENAWOOUY DILAGVHdTY ‘’SINATWNONVY ONINLS YALIVYVHS 
sits KINO SSN SWOLY4) “SWOLDYA YOX SINARNONY SY AIAVLINS 
yo SONIULS WALOVAVHD OwIVAUY OLNI SsNuYSd YAORLNI ONIDYAANOD 
wh stg K€ SANILNOUGNS SWOLYA DAHL AC ALITIGIXA TA JHL AONVHNGA OL 
At GHNSISHSI NXdO AG GHVYOANI NOIDLONNA GSOduNd TVYINTD VW SI $uLs 
BB a3 


arxge OD 
sie 
yg 
saat) 
Bx 
wy 
xO 
me 
4 0) 
rere 
tO 
i 
wx 
rx) 
ZO 
rst) 


ag Kaw anal aay haat aba ante on Mp annoy nas eee wae a ee ata Ange Hy WG Aa ae a aT DS a a a a EO 


(IVAI) $HYLS NOLLONNA NOISIDOINd ATANOA 


89 





AWYUW DNdLNO ALVAYO 


AONILNOD 
(Cc) WON = (I) WANO 
09 OL09 (g@ °39° £) AT 
Wie oe 
ANNILNOD 
09 CLOS 
(TI) WNONO“IVAI (OO0Z*°LNONDIVALIUM (Oh °9° LHdI) dT 
lL ~ WI = WI 
(tL) ZI9SIad = (1) WONO 
ANNILNOD 
09 OLOD 
(,$YLS OL ANIVAI FJAILVYOIN GANSISSY .)LYWHOd 
(OLZ°LNONDIDALIUM (Oh °39° LNdI) aI 
Ll - WI = HI 
SONIW = (I) WONO 
INNILNOD 
0S‘0n’0€ (IVAI) JI 
0S OLOD (tL °L9° I) aI 


@’t=I 09 Od 


(L) $a NI SHYSLOVWUYVHD AAIGSOAL Lag 


(rw’., WALOVYVHD OL 
(HIJHON‘N (OO0Z’SNONDI) TLIMM (On 


(L4+N) LIOTGC = 


o’LI’s DIYANNN GALYIANOD 


ANNIZDNOD 

ANNILNOD 
lL - WI = HI 
») LYNHOT 
IUdI) dI 
(WI) WAN 


OL » dWaLI ~ N = N 
OL “ dHaLI = dWaLtI 


02 OLOD 


dWAaLI = N 
(0 °O4° dWALI) ALI 
g’t=I OL OG 


0S 


On 


Old 


Ot 


He NOODDO 


oo am) 


002 


90 





GNg 
NUN Lay 
(tL) LIOIad = $uLs 

(n¥’, gsmx HOUND HEONAT ONIYNLS wae »)LVWHOd OL09 
GONNA (OLOO’“LNONOI) ALIUM 

GNNILNOD 0009 


SMOTTOA NOILIGUS ONT TONVH YOudd Oo 


NUN Day 
(9v’, = SNIVA DINANONYHATY »’°@I’%s = ANTIVA DJIMAWON 1) LYWUOd 0272 

SULS°TIVAL (OZZ°LNONDIDALIUM (OE °AD* LAdI) AT 

¢q = $4LS 


sia 





im 


VL¥G WOUd GHAAONAY SNOLTLVAYASHO ONNZ TTY 


(7“N) SO 


sft sts GJAONTA SAAILWOAN HLIM SNOITLYANASAHO TYNISIVO (t “w) SAO 

4 sth “SdO SAN SWH AIGNVS AI ANYL “ATAVIYVA TWOTSOT SGODAN 

gm AAO@Y AO HOWA NI SNOILWANASEC JO SINNOD SAON GN 

wm “SdO FAAILLVOAN HLIM SATAWVYS JO USAGWOAN SINNOD OANYAN 

eB W STUNOA SAUMTV (tL) SGOUAN 

oe “ENGNI OL SNOILYASSSHGO AO INNOD INANI W 

a a AVYYY SAGO NI GUVMNOVG BNNOD OL GOHLAIW AQUI 

ae GQALNINd SOISSONSVIG JO IAAXT STONLNOD Ludt 

ho HAa.LNIYd TWOOT YOd NUSA TNALNO LNIYdI 

sft WLVG GNUNAdG HOd NUSd INdNI L¥SaI 

fp SHIDIGNI dooTt oa We] 
eeTWLINI 30 ASN ISYIA ALVYOIGNI OL FTAVIYVA WOIS0T -- LSUld 

tak (C)SGONGN GNU (7) SAONAN 

sats OL GHNSISSY ATTYNINGADT YALNNOD AYWHOdWAL -- INNOD 

ah we 

% >SATAVINWA JO NOILINIAGG 
41% 

owt QA LINUYULSNOD NAGA ZAWH SATNAS ANVWAG 
$28 AGMHL “WWYNONd NIWW AHL OL IOYLNOD SNHYNLAN IWLINI NGHM SNHS 
om “G4.LVauD LSNC SALINAS AGNWNAGC OYAZ-NON FHL AC NOT IWUNLWN FHS 
Sik JO GQGLONYLSNOD SI SALIYAS AGNVNAG GHUIHL ¥ GNODUS “AAYOLS INNOD 
ig wt AHL GNW SGNWWAd OYAZ-NON AHL AINO AO GALONYLSNOD SI SAIYAS 
at at GQNYWAG GNODUS VW LSUYId “NUNIANY ANIGNONGNS CL YOINd aGaNyInoay 
af oY GAUV SdaLS AUYOW OME °ONTSSADCNd NYAHLYNG NOI AASN SALAS 
sh GNWNAd GALIGd FHL SI SAINAS GNYWAG ONIIINSAY AHL °OUTZ 
re OL LAS ST GNYWOd0 FTALILVOAN AHL “LCN SO ANNOd SI ANTVA YADAVT 
st ae VY YAHLAHM “ANIWA AAILYOAN FHL NUHL YAONUT YO T¥NOA SI 
af LBYHL QNWHAIG AAILISOd YOIYd AHL INO ONINOVG AG SNOITLWANASAO 
73 GNWNAdG FZALLYOIN ANW AAOWAY OL GXYSSADIONd ISHTIA AV 
sit NI GWdauY SNHL SNOTLVANATSHO GNYWAIG LHOSIS-ALYOI JO ONTYLS FHL 
ast “WWHOOUd NIVW AHL WOM GATTIVO NAHM NSIO GAIIOIdS AHL WON 
Ee ATAGWYS ANO GUAM OF GUVLYG ANILNOYANS STIVO LSYId TWLINI 


a3 


RRO 
ser) 
Kuk O 
ravtO 
x20 
ago 
Fax 
EO 
Yiscte.) 
XD 
222) 
xargs) 
itt 
eo 
YO 
esit 
rite) 
tig) 
PAB 20 
ma) 
Rik) 
RO 
tisk 
LAR 
wae: 
we 
rot 20) 
te 2G) 
sere) 
aD 
xa) 
5s 0) 
ie 
¥353 


Ogi abe MB Maaia ake aerate ries ae ead s at mp Sheate As o a ye Ga sae SR A ah ae ate oop ae he hs ah oh oe A ae hs pe aoe dh ge ate ae ate ee Me SO 


(u“SONHGN’SHONGN’ SGO’H’ LSUYIA) IVWLINI ANILNONGNS 


o2 





Ot OLOD ((L4I)SdO- *aT° (t’ARTNI)SAGO) AI 
++f - I = Agu 

tec = [ OtnOd 

“INNL* = SAGOOUN 


SNOILBVAYESGO FTAILYOUN ONIAONTY GNVY LNO ONIMOVA AG LI 


0z O©OD (0°0 "89° (L’I)SGO) AL 
W’L=I 02 OG 
"aSIVd° = SAODAN 
(ua‘t=N’ (L4H) SEO) (Q09%ENINdI) ALINM (G6 °AD° LUdI) dT 


(ANTIVA LYdI AG GATIONLNOD) SANTVA INANIL INIYd OND 
(ong’rsura’wh’(t’ t)Sado) GYVLYad TIVO 


W = (tL) SGOUGN 
(L)NYSadI = twMSal 


¥SaI 
“INI Ydl “LNONDI “NINOOI ‘Ludi 
/SATLIA/ NOWWOD 
LSuld “SGOOUN 
L2TWOISOT 
(¢ “W) SGO 
hela 
JANUWAN “W 
>| ie Za “INNOD 
’ (€) SAOUGN ‘LYSGI “ATNI “ (o€) NSGI 
“LNIUdI “LNONDL “NINOOI ‘Lud 
hed OF INI 


&3 
x 


I 


mt 
a 
by 
mi 


Se 
a 


OOD 


oO 9 


SOP MA MS ab Saag hain euage ap adede sh ate syzage he 532 See vials sige eo Mt aN eet oe ain a a a a as alee a a a a HZ BW Nes Here 


On: 
x2 
oe 
aE 
sist 
on 


SLAS WLVG M¥Y WOdd VWIVG dO ONTGVdAY WALIY SdOd -- GuviLvd 


SIWLINI Ad GduyINOAY SANIINOYANS YAHLO 


SNOILVYANSSHO ONAZ-NON AO SOT TWUNIWVN -- (€’RH) SEO 


et aO) 
ibe 70) 
sree 
Pa $0) 
Pb 20] 
Es 20 


3 





((/'0°SdI07’075) €2 5 SNOLIVANASAO MVHL») LYWuOd 

L NUNLaY 

ANNIDLNOD 

NYO Lay 

(INQOD’L=N’ (€°N) SdOo) (OF9O°INIYdI) GLIUM (G *39° Lud) dl 


(LUdI AG GITIONLNOD) SINTIVA INUNI ONNZ-NON JO 9OT INIUd 
(LNQNOD*L=N’ (7°) SAO) (OZ9O°ENIYdI) SL1TumM (GS °39° LYdI) AI 


(LHdI AG GATTONLNOD) SANIVA BNUNI OYHZ-NON ONIN 


ZNNOD = (€)SdHONAN 
INNOD = (7) SdHOuAN 
ANNIGLNOD 


((L°I) Sado) 901 (€“ INNOD) Sado 
(1 °I) So (7’ INNOD) SEO 
{ + INNOD = INNOD 
Of OLOD (0°00 °O0a° (L’E)SaO) JI 
W’tL=I O€ OG 
Q = LNNOD 


SNOILVAYASHO ONAZ-NON ASAHD JO SOT dO AVUUW UNV 
SNOLTLVAYEYSHGO ONAZ-NON A'INO JO AVHUV ALWAYO 


(W’e=N’ (L°N) So) (OLO*ENINdI) ATTuM (¢ °49° LYdI) AI 
(LYdI AG GATIONLNOD) SHANTYA LNdNI GALIGS INIYd 


lL + OFDNYGN = OANUGN (SHODAN) AI 
GFONILNOO 
0°0 = (t’*I) SO 
FANILNOD 
0Z OL09 
0°0 = (’I)SdO 
(k’r)sdo + (b’agduI)SGO = (L’aAauI) SEO 


009 


Oh 


O00 


O00 


O€ 


VOU0 


OOO 


OC 


OL 


94 





( ( 
( ( 
(( 


GN a 

(O° hd0S) LYWYOd 
/*0°GA0T“OZL) £4 eA INO OUTZ-NON DOTOe) LYWHO 
/*0°GA0Z’O7ZL) £4 wKINO SHO ONAZ NONOD) LYWUOd 
/°0°Gd0Z7072h) € 4s GHAOWAY FTALLVOANOs) LWWUOd 


008 
0€9 
0c9 
019 


o> 





“INI UdI * LNONDI *"NINOOLI *LYdI 
/SATIAI/ NOWWOD 


Pg 


eS 


i 


Kt 
yr) 
rare) 
axe) 
cE 0 
To 20) 
yee) 
daxec) 
v0) 
ayo 
gtk 
vag) 
ote 20) 
ning) 
xe 
ax) 
vaste 
rays 
Kix 
ris.) 
xacte 
eX 


AWId 
LezTVO1L9O1 
(On) INVNO - % (YEN) HONOW “(0SSL) Naa 
fPexTWa 
N “70 =i (9h) aLVG 
*LYSGI ‘LSVI LS ald “ySaI 
sa Oa LNI 
he Sn a Qs wes aia ve oe gs wes ate cate oss Gi Sb oe sSe wee eke 5m she ete vt a ad age ah ode ae ez ae via oe e980 oh taal as ote shake a ap at te ee othe a ale ee a Ree 
ga 
or TIWD LSYIM NO AINO ANYL ATAVINVA TIT? DIDOT -- AW Id 
5s ALVG IWILNANOAS NO GHGNVNAG ALIINWAO -- INYNO 
ha ALVANYD OL SNOILVANSASGO JO YAGWNN -- HAN 
eaSWOOTd AVG OF NI GALVYOVYOOVY SANTIVA GONVWNAG Lhadinoa -- HINOW 
AUER YOOTH HINOW AVG O€ LNINYND AO XAGNI ONIGNG -- LSW1 
ot oa YWOOTH HINOW AVG O€ EBNANNND AO XAGNI ONIDYVLIS -- LSYid 
aa oh WLVG GNYNAG NYOd NSA INANI -- tySaI 
3% SAIDIGNI dOOT oad -- C1 
4% NOILYSANDOY YUALVI YOd SAGNYWAG ATIVG SALIVINWNOOV -- Wad 
a VLV¥G LNdNI JO INAWATA HOVA YOA INAWATA ANO 
3 FR Ohtt AVG OL tb AVG “’ANYWNSG AO ALVG TWIINANOAUS -- aLVa 
fy 
so >SAaTAVINVA JO NOILINIAIG 
st sy 
aga “IVLINI ANILAONANS 
4 x AG GUSSHIONd AG OL WLVG GNVWAG ATHINOW MVS SHL SI Guviva 
sso WONT GANUNLAY VWLVG AHL C°HENOW ANO YOd ATAWYS SIHL YOd 
aT GQNYWA0 GA3LWINNNODY AHL ONILNASANdAN SLAWVONG AWG ALYIHL OLNI 
Ah G4dNouo NAHL GNVY GAIVLOL ANY AVG HOVA NOI SAGNVWAC TVNGIAIGNI 
ee: AHL TTY "“GSQGNYWAGC ALIINYNO AHL GNODAS AHL GNY GNYWAG JO 
Ba AVG TIVWIINGNOSS AHL LSYIA AHL “VYLVG JO SAVYNYV TATITVNVd ONL SY¥ 
gt MSIGINIW WA SHL WON VIVO dO ONITGVSY TWALOY AHL SATOG GUVIVG 


aS 


ssz3 
Kint 


BA Ba Re WB Gm owe Aegean aaa ois haha ae ox 5a aoe ae sn a ae se oa oe aia ee age a ope at at pS op Mee phe ete a a ae ecb ode ahora oe iene ae ooh he ia ete 


(a’TWIL’ YaN’HINOW) GNYLYG ANILNoVGNS 


96 





tL + LSVT = LSuld 
AGNILNOD 
(c)Waq + (I)HENOW = (I) HELNOW 
LSYT’ISYIsI=e O08 od 
HON’L=I 06 OG 
09 = sLsv 
L€ = LSHId 


SLANSNG ATHDNOW ODNI SANWWAG GALV INWNOOV ALVSOTH DOV 


ANNIDNOSD 
Of OLOD 
(On’t=1’ (IL) INWNO’ (X)aava) “N (oLe’L) aVay 
ANNIBNOOD 
ANNIDNOOD 
(T)INVNO + ((I)aava) Waa = ((1)a3LvVa) Naa 
0G OLOD ((0 "AN? (1) ava) “LON?) At 
Q9t’tL=I 09 OG 
OL OLOD ((Z °O6a° N)°LON?) JI 
ANNIDNOD 
(on’L=1’ (TL) ENVNO’ (1)aGLva) ON (OLB%LIaVa4u 


SGAWONA ATIVG NI ALVINWNOOY GNW SGNWWAd NI dwad 


ATNNIDLNOD 

0°O = (I) HINOW 
YaN’L=I O€ OC 
ANNIDNOD 

0°0 = (Ir) waa 
OGGiee P= anc cao 


GNYNAG IVLOL OL GISN SYALNNOD AZLIIVILINI 
N (OO8‘’LYSaLT) away (AWIL) aI 


(L)NSGI = LNSGI 
(o€) NSaI 


df 


08 


Of 


NOOO YU 


OO oO 


oe 





aNd 


((xe’O° hah U’Xh) On’ LI) LWWHOd 


L Nunaggay (0 


Of + LSVT 


(1 
a6 


I) LYWUOd 

NYALAY 
a° N) dl 
ANNIGNOD 
LS WT 


018 
008 


06 


98 





L- = ual 
OL OF 09 (2 °a9° N)AI 


0 = Wal 
(N) LWOTA = NV 
WAS i 
8 xsT Vd Yu 
Aad x 
“NW “ACLS *NWAWX *“(N)xX st 
1 s1TVau 
N° “Ma T a | x 
HGUdOTINT 
wg ahs eh ag whe yoke hale she ate aigeig Gs ath sin ae se ope shes ge abe aha oe oe a a ote oe ote ge oe a ig oes ah oa Sh a eae ee arte Oh a) ear ee oh a haa Oates are BRO 
ag kD 
re X HOLOAA VWLVG JO NYWAUW ATANVS -- NWOWX 53D) 
rote N HBONAT JO NOLOTA WLYG LNAdNI -- X a 3) 
sh ote SNOILWAYTSHO JO WNS NOISIOIUd ATENOG -- was 3039 
rh a (L-N) X HOLOZA WLYG JO NOITLVIATG GHVANWZS ATdRWS -- Adds fete 
a a AIdWWS AHL NI SEINAWATT WLYd JO MA AGWNN -- N gee 
=) a 0 SIWNOG AGLS -- €- arte 
ae (L 3O 0 °SI) WLYGC LNAIDIAINSNI -- L- cate 30) 
a st NUNLAY IWWNON -- QO aD 
a ot [OL TWNOAT JAOD NUNLAY NouyT -- Hal strate) 
a ate XTGNI OG IWUANTD -- I ésyzD 
Be NOILVINDOIVD ACLS dO ANIVA ALVIGAWYALNI -- Aad x2) 
att N JO ANIWA INIOd ONILYOTA -- NW sD 
cay ° yz) 
at >SHTAYINVA JO NOILLINIAAG ate 3) 
eB i wee 
gst °ONdZ STVNOT NOILVIAIA eZ 
ae GUVONWVLS FHL YO ONISSIDONd HOI TIVWS OCL SI 3ZIS ATdNVS gD 
4 we GHL YAHLAHM KRAINOIS SAGOD NUYNIAY YOMNA SNOTHYVA “°NVHDONd iD 
Ate NIVWW AHL WOUd GATIVD NAHM AVWHUW WLVYG LNANI NV JO NOITLVIAIG ate) 
a GUVGNWLS ATAWVS GNW NVAW ATANVS AHL SALNdGNOD SIVISL wed 
YK zoaste ) 


4p an oh ve Sizes ap ote viacig ah soe viay ake aha viznte apc ea aa he tate vg ath oS aa ah ache ope ag ae og ath at aia eg I ke ace ae a a He Sa ahs oh a za A ERO 
(HUI ’AGLS“’NVAWX“N’X) SIVISL ANILGNONGNS 


og 





GNa 


, NUN Day 
ANNILNOOD 
€- = Wal (0°O °O4" AGLS) JAI 
((ovt - Nw) Z (WAS) IONS) LYOS = AALS 
ANNILNOD 
AGd «= AGG + WOS = WAS 
NYVGWX - (1)X = Aga 
N“1=1 00d 
oa°O0 = WNS 
NW/ (WOS) TONS = NVAWX 
AONILNOS 


(I)X + WAS = WAS 
N’L=I OZ OG 
oaq°o = WOS 


NYGW AHL GNA 
SALVWWILSH LNAWOW GNVY NWGW aALNdWOO 


GANT ZLNOO 
Of OLOD 


Oh 


O€ 


Oc 


mUO0O 0 


100 





i 
eB 
mes 
i a 
Pa Bo 
ASR 
a 
a He 
pa 
ber Bat 


ay 


2X 
rats 
om 
rw 
io 
x at 
aim 


a 


an 
om 
ast 


JILSISOT-ITTINONYAG “OL 
TIVWNYHONDOT-LTITAONUAS "6 
TVIQINANOdXY -ITINONHYAG °8B 
SOWTGYT “Ll 

JILSISOT °9 

TWWHONSOT °S 

TVIDNANOd Xd “hh 

TVWHON GUVGNVYIS °E 
IVIWONI@G GAAILVSAN IG 
NOSSIOd ‘tL 


- THAGON 
HaLAWWVAVd AHL dO ANIVA GAHE AG AALOTTAS SNOILINGATYLSIG SONIMOTIOI 
AHL YOX NOTLONAAT ALITIGW€Odd AATLYINWAD ASHAANT AHL SALNdWOO 


“THGOW ANAAD YOU ATILNADYAd AYAATD LY ATdWWS HOWE YOd ASUAANI 
AHL GaLNdNOD SWH ANIX “WVHONONd NIVW AHL OL NYNLAY Nodn 

“SAN IVWA WSSIDS AW FHL ALNAWOO OL 

KIGAILOGdSTY ADTAVT GNY LSIOOT “NIGSIN “NSSTOd SAINILNONANS 
GTHL STIVD ANIX “AOVId WI GNWY DILSISOT “° IVWIWONIG GAILYOAIN 
“NOSSTOd “SNOILNGIUYLSIC ONINIVWAY GHL °asitddnAs WLWd FHL 
WONT ATILOT NIG ANIVA WSSIOSAY AHL SALNAWOD ANIX “SNOILNGIULSIA 
DIDSIOOI-~-ITINONYUAA AGNW TVILNANOGXI-ITINONUGA “IVIGNANOdXG 
AHL YOI °SNOISHATANOD NOILWVIASG GUVGNVLS GNY NVGW ATdWWS 
LOAHYOD AHL ONTATAdWY AG ANIVA ASHYAANI LOTUNOD AHL OL ANTIVA 
DYHL SEYAANOD NGHL GNVY ANTVWA WSSIDOSGY GAZITVNYON FHL ANIA 
OL SIUNGW ANIZNOYGNS NOISIOINd ATIONIS ISWI GHL STTVO ANIX 
(IYHYONSOT-ITINONYUAT ANY IVNWYONDSOT “IVHHON) “SNOILNGAIYLSIG 
TVWHON JO ATIWVA SHL YOX °SATIINADHSd HLSG6 ANW HLOG 

“HLG8 “HLOS “HIGL GHL ATLNIMNND “LSAYALNI JO SATIINADNId 
AATA SHL LY GALVOATIVAS ONIDG TAIOW HOWT YOU SANTVA 

WSSIOSGW GHL JLNdWOD OL WWHSONd NIVW GHL AG GATIVD SI ANIX 


geet 
raz 
mek 
age 
ite 
ez 
yO 
xiv 
eq O 
sxe 
state 
moO 
vaste) 
xie2.) 
ra 
ae 1) 
sere 
Ps 
wy xO 
ree SO 
xare 
HBO 
vase) 
mx 
Pe Sos 3) 
x20 
ae) 
xO 
xz 
vase) 
3 es SO 
v2) 
IO 
erste) 


Ba OY ME RY ae we ae Pare we ae eT AG HEE Ee as Se ARN S808 ee ae a tg as ase wR wh GR a hee mde Sade ap oe oh ae anager eve eels he rae ee O 


(YaI’°X’ATILAN’THAGOW’ X4° ACLS ‘NW’ dVANIX ANILNONENS 


FO 





‘d “(¢) on *(ATILAN) XA “TOV ra} 


fsTVa u 
2) 
OU BR ah ab ahs he ote sya deg wh Mache ays a af abe ss ote a ae wp oe aoa ts aie ah ty os sie nhs abe nie ge a hs ie ah a ah Be eg a ic hed Be Doh ie nde Ge pe a wth a a de eats oh a he a ee 
aa i) 
FALE “NOTLYLNGNOD JO dASVWd OL ANG SISATYNY SIH srt) 


St NI GSN YOS ADIOHD GHL NIVWAY LNA “AaSVId GAuW SHOLWWILSG aSAHL ree) 
ao *JILSIOOT ANY JDVYTAYT AHL SY HONS SNOILNGIYLSIG YOd “*SLNAWOW a 
ag dO GOHLAN AHL AG GALYNWILSA AYY NOITLVIATG GYVGNWLS GNY NYAWN GNA Yere 


ES ts 2) 
ay SANIWA NOSSIOd ASYAANT YO ALISNAG “‘NOILNALYLSIG -- NSSIOd me) 
Re SONTWA TYIWNONIG eke 20) 
aim GAILVOAN ASHYAANT YO ALISNAG “NOILNGIYLSIG -- NIGOaNn sho 20) 
ata ANILNOYINS IWWHON ASUAANI ISWI -- SIYUNGW mA) 
sg SANTVA DOILSISOT ASHYAANI YO ALISNAG “NOILINGIYLSIa -- GZLSISOT xe 
Ram SANTWA ADVTdYT ASHYAANI HO ALISNAG “NOTLNGIYLSIG -- ddd VI xO 
soi at tO 
nh a *ANIX AG GANINOAY SANIGNONANS YAHLO Bx) 
i oth *xO 
Be SNOIDOINONA ASHYAANT JO LINSAY GAZITYWHON -- Z GRO 
a NOTDZONAT ASYAANT JMO LINSAY ANTVWA VSSTIDSSEY -- X NR 
om WLVd dO dNO¥D HOVd JO NOTAVIAGG GUYVAQNWUIS ATGNYS -- AQ LS sar) 
aad Id LNYUESNOOD -- Id tO 
ee YA LANWWVUVd ALITIGV@Oud LTINONYAG -- d sagt) 
a a INTLSAL YOd SATILNADYdd dO AWN -- adTILdn mye 
ns WLYG JO dNOUdS HOVA JO NVAW ATdWYS -- NW mA) 
eB a SSM TaGOW HOVE ACLS 3 NW HOTHM SANIWMA LAG -- ad A LW HO 
% NOILNATYLSTd SLOXTAS -- TAd OW “amo 
AR uSTUNGWa ANIDNOY NOUA GANUYNLAY ACOD YAHLO vane 
Me ANTLNOYPGNS WOUF AGOD NYNLAY O AN MO) 
iS ¥ NYUNDLHY TWWYON 0 ‘aye D 
i SNIGVOIGNIT Ya banvuvd Woudd -- Yd be tO) 
i me ANIVWA ALITIGV€OUd AUYWVLNAWA TdWOOD -- XH wees.) 
vi ANIVWA ALITIGWdOud -- Xd 4x2) 
a a ut 


BS -SdTAVIUVA JO NOITLINI Add SEs 2 


yO? 


NOITDONAd TYWHON GUYVANVLS dASHaANI 


ANNILNOD 
OLL OLOOD 
O€t O©TOD (0 °AN*° WAI) AI 
(agr’ (yu) xa’€% ((C) TdALW) AGLS 
*((c) adidwW) aw’ (y‘’C) X)NIGSUN TIVO 


Ep 


NOILONNA IWIWONIG AAILYOAN FSHAANI 

ANNILNOD 

OLL OLOOD 
O€t OLOD (0 “AN* HAL) AI 
(aazr’ (wy) xa’e’ ((e) ad AzGW) AW’ (CY “C)X)NSSIOd TIVO 
NOIGONNA NOSSIOd ASAAANI 


ANNILNOD 
C’ (001 °06'08'0L'09°0S‘0n’0E “02 “0L) O09 


NOTLNGIYLSIG AHL LOATS 


OLL OFTOD ((XH "31° d) canwe (8 °39° C)) AI 
o°0 = (y’r)x 


XH => d dI SNOTENGTYLSTIG GNNOdWOD HOd O°O = X NAN LAY 


(y) XI - O°L = XH 
ATIGAN’L=yH OZL OG 

TAUGOW °L=£ O€L OG 

0 = Wal 
y ’L re 
"77076 "SC" ee’ E * OA OW iad 2 *“TTILAN ‘1 000W "NaI i 

fond OF INI 
ve (SA TILAN “TAGOW) X Xi 


“(evaats “°/976Stht °€/I1d *XH ea a 


NOOYD 


=O OO 
SHO)3) 


Oro © 


ROR Se; 





ANNIDNOD 
OLt OLOD 
Ohl OLOD (0 °AN’ UAL) AI 
(Yar’ (yw) xa’e 
“((C)AdALW) AGLS’ (le) aad ATW) NW’ (M4) X)ADTAYI TIVO 


NOITBONAT AOWVTAVT dSYaAnt 


ANNILNOD 
OLL OLOD 
Oht OLOD (0 “AN? WAL) AI 
(aqar’ (yw) xa’e€ 
“( (0) adXTW)AadLS’ ((e) aakan) on’ (y’f) xX) LSI9O0T TIVO 


NOILOINAT OITLSTSOT ASHYAANI 


ANNIDLNOD 
OLL OLOD 
(2 «w ((c) ddALW) AGES + ((C)IdALW) OW) axa = (y “L)X 
Ont OLOD (0 °AN’ UAT) AI 
(¥q7r’°Z’ (4) XI) SIMNGH TIVO 


NOITLONAAY IWWYCN SOT ASHAANT 


ANNIGNOD 
OLL OLOD 
(XH)OOT » ((e) adkLW)OW- = (4 ’L) YX 


NOTDONNA IVI LNANOdXA ASHUAANT 


ANNILNOD 
OLL OLOD 
Zs ((e)adXtW)aaas + ((e)adkdnynw = (y ’c) x 
O€L OLOD (0 “AN? WAI) AI 
(9a0°Z’ (4M) XA) STUNGN TIVO 


~ 
si 


08 


No ORO S So 2 


modo XO 


zryo0oO0 


104 





anN 
ANNILNOD 
(ov: - 2/7 ad w 0°Z)90T « LOVA + ((e)aakIWooW = (y’r) xX 
(((tovd « 0°27) /Z (Cf) Td ALW) OW) HNYL + O°L) 3 XH = Z 
Id / (2) adKALWNAGLS « (0°E) LHYOS = LOVA 
NOLDONNA DILSIOOT-ITINONYAA ASUTANI 
FNNILNOD 
OlLL OLOD 
(Z « ((C) TdALW) AGLS + ((f) a9akLW) OW) axa = (y ’r) xX 
Ont OLOD (0 “AN” UAL) ALI 
(490 °Z*HA)STUNGH TIVO 
d / (xH - d) = Ud 
NOILONONdT TYWHONDSOT-ITINONYAG ASUAANI 
AFNNILNOD 
OLL OOD 


(XH 4 d)9OT & (lf) adkIW) AW = (y’r) xX 


NOIDOINNA TWILNANOGXA-LITINONYSA GAXIW ASHYAANT 


ana 
NY La Y 
GONLTLZLNOO 
HANILNOO 
IN OO 


Ont 
O€L 
Oc7L 
Olt 


= 2 Oro 


Sp eS el 


Oooo 


EOS 





(QW-) dxa Jdd (o0°O“4tL °LI° AW) AI 


0°O0 = ddd 
/07-F0°L/ 12 se "YW ij 
“OW gi | add "ado 3 
tye TWA u 
TIAL ecm mal r 
2dd OF INI 
uate oS hate ote abe cde faets oh ate avig ngs a pada an ca Gt age Shake ys he hp cee ate ae aA oh ae a ve vt ts ad ese oS ea ee a aed ae oe ZR 
a ma 
ae *SNOITLWYSLI OOOL NIHLIM AFAONAANOD LON GIG WHILIYOSTY - €- sat 
08% GdAL JO NOILOIIAS GITIVANEI - t- dar O) 
53 NUNLIS TYWYON - O xasi2 
ee OL TWNOFT AGOD NUNLAY YALAWVAYWd YOUN - HAI 2D 
Yao wxsgr ) 
a 8 “HALAIWVNVd TNANI NY SI Xd vee 
om °€ = GTdALI NOT ° (X=>xX) ADITIGvd0ud JO YALANWYVd INdLNO -xXd4 rh a@) 
ahs au 
se ats 449 SW Xd NAAID X NI SANIVA JGD ASHSAANI SNUNLAY C gts 
ih mt X NGAID Xd NI Jad SNHYNIH Z +e 2®) 
gma X NFAID XA NI Add SNUNLAY UL = AdAL agit 
amt sate) 
Ge "“NOILAGINLSIG NOSSIOd dauIsda FHL JO NWAW - AW “2D 
ect susie) 
a3 3% “Ha LAW VE Vd awe 
Sak LNGINO NW SI X “€ = AdALI VOI “NOILNATYLSIG NOSSIOd ois 
sh a AHL AO SANTIVA WSSIOGY ONLTINA SANGIN YALAWWUVd DNAUNI - X siete 
a XB 25%) 
ae “SNOILWVNOGT NOISUNDAY fist 
aah 40 3SN AG SNOLZDONNA NOLINGINLSIG ANY ALESNAG NOSSILOd SALNAINOD sete) 
am “KLITIGVGOUd AHL NSAIS FJNIVA WSSIOSAY gue D 
ah FHL SNUNLAN “SATAALLYNAYTLIV YO ANIVA WSSIOSGY AHL NAAIO ANIVA 52D 
AE NOLDNALIYLSIG AAILWIAWND YO ALISNAGQ AHL YAHLIA SNYNLAY TVHL 9 10) 
g NOILONNA NOLTLNAIYLSIG NOSSIOd ASOdYNd TWHYANAD WY SI NSSIOd “xz 
PAB. KO 


PEARSE Chit SEE Re AEST A TOAD CON SRN TEETER IE EE Bee Be BOREL Pee ELAS SE Ree BOP DOR BRAS aINE BPA AD ote BAP ake s eet Rate 8 bebe Paes Be bees IO 
(SA4I1’°XA’TAAL’AOW’X) NSSIOd ANILNONANS 


106 





GN 

Nun Lay 

ANNILNOD 

L- = WAI 

ANNIINOD 

66 OLOD 

€- = Wal 

ANNIDLNOD 
Jdd + 4d) = 4qod 
add (12 °adI° ddd) aI 
add (12 °£9° ddd) dI 
oe a 


0°0O 
WV / ddd s nk 


NW 


ANONIGDNOD 
66 OLOD 
Yo= Xx 
Of OLOD (Xd °LI* dad) al 
ANNIGNOD 
66 OLOD 
qq) = Xd 
Oh OLOD (X °£I° ¥) al 
ANNILNOD 
66 OLOD 
ddd = Xd 
6 O©05 (xX * 27° 4) Al 
ANNILNOOD 


Adak COe Oc Ol) 1 Oui02 
09 OLOD (€ “°LO° AAD) AI 
09 OLOD (t °LI° AdAL) AI 
N001 b= tao Gaon 
Ciel 9 
ddd = ddd 


HOY 





"WW *xXd4 ‘add “ado 
folWay 

qd Ad "aa pall 
sud oT LNI 


a3 


sf 


‘¥ 


Swe sh wo uals sole vases oh rotates sah hawt ch zig te aa ee oe ae aa cteds av wag ha SO a ete a ag Me ae ke ee ee REO 


ae 
2 0 
Ee 
nt 
oe 
oe 
ane 
ns 
ae 
ah a 
se 
ae 


6297 
oes 


Xa HS 
i HF 
ia Re 
of B 
om 
aa BS 
eR 
% US 
i 
Bus 
Fa x 
ta A 
ai Xd 
aA 
FARR 
Hi aR 


sp eR AS haga ah a aleis oh a ees ae aR a oo ee a eee gs 
N 


“SNOILGVHYALI OOOL NIHZIM ADSYAANOD JON AIG WHLTHOOTY - €- 
AadAL dO NOILIATAS GI TYANI - t- 
NUNDHAY TVNYON - QO 

>OL TWNOF AGOD NUYNLAY UALAWWHYVd YOuUUA - al 


“HULAINWVUYVd BNAANI NY SI Xd 
“€ = TGAL WOR ° (X=>xX) ALITIGVGONd AO UATAWV UNG LNdLNoO -xXa4 


dd SW Xd NAHAID X NI SANTVWA ddD ASHYAANT SNUNDAY € 
X NHAIO Xd NI ddO SNUYNLAY CC 


X NHAAIS XA NI ddd SNUNDAY bL = AdAL 
“NOLLNGTYLSTd 
IVIWONIG GALLVSOAN AHL JO NOTAVIAGG GHYVGNVLS - AGUS 


“NOTLNGLTYLSIG TWINONTIG AAILZVOAN AHL JO NWAW - fW 


“YSLANVYVd LAdLNO NV 
SI X °€ = AdAL WOd "NOTLNGIYLSIG ITWIWONT@ DAILADAN 
AHL dO SANTVWA WSSTOSAVY ONTINASS Yddy HALAWVUVd LNdNT - X 


“SNOILYNOG NOISHUNDAY JO ASN KA 

SNOTZLONAA NOTLNGATUYLSTG GNW ALISNAG IVIWONIG GATLVOAN SALNIWOO 
"“ALITIGVE€OuUd AHL NAAIS ANTVA WSSTOSEY dHd SNUNLAY 
KIAAILWNSA LIV YO “ANIVA WSSTOSAY AHL NIAID ANIVA NOTLNATYLSIG 
SAL LVTIAWND HO ALISNAG AHL YAHDIA SNUYNTAY LYHL NOTLONOd 
NOILNGIYLSIG TYIWONTIG GAATLYOAN ASOdUNd TWYANAD WY SI NIMDAN 


2% 
(S4I’°Xa’AdGAL“AGLS’NW’X) NIGOAN ANILNONEANS 


BB) 
vase) 
ag) 
are 
43 
gave J) 
Rabe FO 
ie 20) 
wR 
tee) 
arte) 
x52) 
sare 
saat 
mi 
ri 20) 
rare) 
Paps 30) 
ct be 20, 
£52) 
vag 
sat) 
aos 20) 
Hiez) 
xv) 
be tO) 
m2) 
RO 
ago 


ost 522 ae eee et heogds Bat BGO 


108 





66 OLOD 

€- = 4aI 

FONILNOD 
4idd + 409 = 4qod 
3Jdgqd (12 °a1I° ddd) dI 
4dd (12 °39° ddd) dI 
ANO + W=W¥ 


0°0 
Y / ddd a (OHM - ANO) «& (ANO - ¥ + ¥W) 


iN 


u 


ANNIDNOO 
66 OLOD 
; Y= xX 
Oh OLOD (Xd °LI* dad) al 
ANNIGNOD 
66 OLOD 
a0) = Xd 
Of OLOD (X “LI° WW) AL 
ANNILNOD 
66 OOD 
Add = Xd 
On 0409" 06 7i9> Yat 
ANNILNOD 


GdkL’ (0€’O7’ OL) OLOD 

09 OLOD (€ °LO° AMAL) SAL 

09 OLOD (Lh °LT" AdAL) AI 
OOOL’L=I OS OG 


0°O = ¥ 
Add = ddd 
Y@xOHW = Add 


(NW - UWA) ZY ZusNW = 

HVA / OW = OH 

TatAGLS = UWA 
/0Z-FO°L STZ *¥ */0°L7 ANO “OH % 
2. "¥ “UWA “ACLS 5 


0S 


On 


Ot 


Oc 


OL 


10) 





and 

NYN LAY 
GANILNOO 
t- = ddl 
GANIGLNOO 


66 


09 


LEO 





BAUR EE BLES PNT ARES OG MSGR RES Ogi LUNE He Hs Bs See as Oe SY ET SRE TERS KRU RP ER MS ESRD OR BY 


er 
a0 
rat 
om 


~~ 
D-8 
ww 


a3 St 
iy 82 
se 
Ai 
oa KR 


Se 
bes 
v 


AQJlsS “OW vf 
re 


x "Tduos "XHOES */OZEGLHL*E/Id 
"/0°L/ANO “/S°O/ATUH ‘XA "OUY *g 
Halwa 
IdAL *MaI ry 
4a OF INI 


GdAL dO NOLILOATAS GITIWANTI - L- 
NYUNDAY TVWNHON - QO 
>OL TY¥NOA AGOD NUYNLAN YUALANVAVd YOWWA - UAL 


“MA LAWWVUVd GNINI NW SI Xd 
"€ = SdAL YOR ° (X=>X) ALITIGVGONd AO YAITWHWUNVdI LNdLNO -xXa4 


d@d9 SW Xd NAHAIS X NI SAHNTVA Ado ASYAANTI SNUNDAY C 
X NHAIS Xd NI ddd SNUNIAY 2 
X NHAIS Xd NI ddd SNUYNLAYN ft = AdAL 
“ALVNWILSS ATW YO SLNAWOW dO GOHLAW 
YO NOILNGIYLSTG OILSISOT dHL FO NOTLVIAGG GHYVaNvLtS -AaLS 


“ALYNIGSA ATW do 
SEINAWOWN JO GOHLAW YO NOTLNAGTYLSTG OILSISOT AHL dO NYAW -—NAW 


“YA DAWVY UYd LNAdGLNO 
NW SI X °€ = AdAL YOX “*NOITLNGIYLSIG OILSISOT AHL 
dO dNTWA WSSTOSEY dTHL ONTDNASHTYdAY YALAWVUVd LNdNI —- X 


“ALITIGWGOdd AHL NAAISO ANIVA WSSTOSAY 

AHL SNYNLAN “RTIGAITLVNYSLTY YO ANIVA WSSIOSAWV AHL NAAIO ANTIVA 
NOITLNGIYLSIG AATLVYINAND YO ALISNAG AHL YT HITA SNUNDAY LVAd 
NOTZOINNdG NOTLNEGINYLSIG SILSISOT daSOddNd TWHANAD VW SI LSISOT 


(Q40°XA’AGAL’AGLS’NW’X) LSISOOT ANIGZNONGNS 


3 ae a as sate stele reve eae Ss er 


seater) 
vat 
abe 20 
ase 
aw 
eB 5] 
xO 
mite) 
sve) 
oe bo 3 
ate 30) 
32 
x22 
£4x2 
raxx) 
Pape 30] 
ae 
Vb 20) 
ur) 
gust 
sat 
rive) 
rae IO] 
rez 
wae 
ea 
xx) 


ah Sha Me Bia aie 9 0s Be she saute 5s we wR wk ok wk Oye ahs ok Ge os ae oh au as rou nia oo aha Me ays ee ohm Ms MG ea ee Mi de aaeage mp ae ohh wh sale ade ois oe oleae saat etek ta te 


ira 





Gnd 


NUN Lay 
ANNILNOD 
L~ = aL 
GTANIDNOD 
0S OLOD 
Td / (Xd - ANO) / XA) 9OT @ ELNOS « AGIS + AN = X 
WYOTSNVUL IWHOSAINI ALITIGVGOUd WOYA SANIVA X ALNAWOD 
GNNILNOD 
0S OLOD 
((OUVW) HNWYDL + ANO) « JAIVH = Xd 
Ad) NOLINALYLSIG ALNA NOD 
TONILNOO 
0S 0109 
(AGLS 2 ELNOS « O°) S CaexXHOAS ¥£ Id = Xd 
(ONW¥) HSOD / ANO = XHOAS 
4dd NCIAINGINLSIG FZINIWOD 
FNONILNOO 


AGAL °(0€*°0z’OL) OLOD 

Oh OLOD (€ °LO° AdAL) AI 

Ot OLOD (L °LI° AdAL) Al 

(ACLS » €LHOS) / (MW - X) & Id & ATWH = DAY 
(o°€) LHY0S = ELYOS 


SINWLISNOD AZIIVILINEG 


0S 


On 


MOO9 


NODUO 


oS OPO 


OC) Oe. 


2 





AQGLS 
“OW °/0° 0/ONTZ ox "JQ “C7 ON 
"/GELZHL HTL Z OS */0°L/ANO Ga “ONY 
fhwITVau 
TdkL *adI 
44 OF LNI 


Mt 
. 
Pe 


Poy 


OES a HG og afghan aoe i op Saale a oh aaa ae Sas I IR LI ets oe es Doe a ee tk eR 


HA eS 
Boa 
wins 
oF RR 
Ps Bx 
By 
al 
oS 
ay wf 
ee 6. 
BSB | 
a 
ay xs 
eat 
ca gt 
3 BH 
ai Ht 
ii 
po 
eh yf 
es 
a & 
eB 
th 
BB} 
HN 


adAL dO NOLTLOATAS GITIWANI - b- 
NUN LAY TWWHON - Q 
OL TWNOd AGOD NUNLAA YALAWVUVd YOUNA - HAT 


“HaGLAWVUVd DNUNI NY SI Xa 
’€ = adAL YOR °(X=>xX) ALITIGVGOUd JO UALANVUVd GNdLnNO -xXd 


dG9 SW Xd NGAID X NI SHNTWA AGD ASHAANT SNUNDAY C 
X NHATD Xd NI dadD SNUNLAY C 
X NHAIS Xd NI dQd SNHYNDAN bt = AdAL 
“A LWWILSHd ATW YO SEINAWON JO GOHLAW 
HO NOITLNAIYLSTA dOWTdYT AHL dO NOTLVYIATG QUVQNVLS -ACLS 


“ALYWILSA ATW YO 
SENGWOW FO GOHLAN YO NOITLAGIYNGSId FAOVTdYT AHL dO NYAW -AW 


“Ya LHAWYAUVd DBAdLNO 
NW SI X *€ = AdAL YOI “NOITLNAIYLSIG AOVTdYT AHL 
dO dNTWA WSSIDSGY AHL ONT INASAUYdAY HYALANVUVd DNdNI — X 


“KLITIGVGOud AHD NAAITS ANTVA VWSSTOSEY 

AHL SNYNLAY “ATAAILYNYALIV YO ANTVA WSSIOSAY AHL NAAID ANTVA 
NOIGZNAELYbSTd AAILVTAWND YO ALISNAG AHL YAHLIA SNANDLAY LVS 
NOILONAA NOILAGINLSIG ADVTdYT ASOdUNd THYANTDS VW SI FqOTdVT 


saz) 
Fatt 
fez 
x) 
sux 
Rexx 
ase 2) 
nia) 
sztete 
as 3 
xine 
wre 
are) 
BRO 
&wO 
ue) 
mt O 
Te 20) 
iO 
AO) 
ait 
tO 
mats) 
wy) 
2) 
sts 20) 
Yeett O 


ry ODN Sh apse a att obs ots SD ot shania ke She eae 2 naka ae ae task oe oh a ee OR ae LMG AS Geese Ba ahs Te aM tasey sue 


(QQ1’°XA’TdKL’AGLS’ONWN’X) ADTAYT ANILNONANS 


1s 





aNd 


NUNLAY 
ANNIGNOD 
L- = Yar 
FONILNOOD 
0S OLO9 
ZHOS/ (XT & OML - OML)OOT » AGES - NW = X (6°00 “39° Xd) AI 
ZHOS / (Xd « OML)OOT 2 AGLS + NW = X (G°O *“LI° Xd) A 
HHOISNVYL IWHOSUELNI ALITIGVW€Oud NOU SANTIVA X ALNAdNOd 
FANILNOOD 
0S OLO9D 
Xd - ANO = Xd (ONRZ °A9D° X) AI 
OME / (9NV-) dXd = XA 
Jd) NOLIINGINYLSIG ALNdWOdD 
ANNILNOD 
0S OLOO 
(ACLS 2 ZHOS) /Z (ouWv—-)dxad = Xd 
Add NOLINALYLSILG ALNdWOD 
ANNILNOD 


AdkL *(0€°0z7’°Ot) OLOD9 

Ot O©OD (€ °LO° AdkL) AI 

Of OLOD (bt “LI° FdXL) AI 

AGLS / (OW - X)SA¥ « ZHOS = ONY 


SENVISNOD AZLIIVILINEI 


OS 


On 


BIO Oe, m7 OO 0 


pee OO) IC), 


Cro oO 


re 





5 
GES 
oe Be 
ef 
5a 
ay 88 
a Oi 
RES 
eB 
ee a 


a 
ay 
ag 
HA GE 
Ps fs 
eB 
oH 8 
a 
axs 
Ba B 
De A 
tS 
HEL 
Pe 
a 
Ba 
rE fe 
5a Oe 
eS 
id HS 
an eR 
es | 


LSHYALNIT dO SALTLITIAVAVad -- Xt 


S€dSSHOONS TTTNONYAd AO YHAWNN Ca DLoedXdA -- Sd Xd 
QaL.dadXad LI GNYVWAd dO ALITIGVd€Oud ONITANYSdH a -- d@ ou dd 
HAN JO LYOTA -- NW 

GWYGTUWYWS YWOd SHAAWNN WOGNWH HOd AVUYY AWRNG -- VY 


>SMOTTOA SY AYN GdASN SHTAVIUVA 


LAdLNO YALVT YOd ASW ATAVIYVA 

AHL NL GAaLWINWNODY INV GaLNdWOD SI YOUN AAUWNOS NWAW 

AHL “AS IMANIT “°LNdLNO YALWVT YOd LVHd ATAVIYVA YOLVINNNDOV 
AHL OL daddy GNW ddindWoo SI d dO AAWWIESH adeNddoOdd 

ONT TAWVSHY AHL ’C(ANDTHD NAAM SVWH ATdWWS OGNASd AYIINA AHL WaLAY 
*(LHOIA ALYOd--SNOILVAYASAO JO YAAWAN AHL SAWIL ATLIINADNAd 
AHL SW GXaLNdWOD) SASSHTDONS dO YAAWAN GELIAdXA AHL NVHL 

SSAT dag SdASSHADONS AO HAGWAN AHL TILNA A INO GXYACNHOOdN AYA 
SASSHDONS “ONAZ SI ANIVA WSSTOSAY AHL ANGHM SNOLILNGAIYLSIG 
QNNOdWOD GHL YOd OSTY GNW SNOTGNATUYLSIG IWIWONTA dFAILVSAIN 
GQNV NOSSIOd AHL YOd “ANTVA WSSTIOSGY YADALNEI dO ASWD AHL 
ATQNVH OL ‘“dATAVINWA AHL OF O8AZ AGW SAYNTIVA ATIHM SADONS 
aTAVIYWA AHL OL ANO ONIGGW AG LOATARTY ANY SASSADONS “aANIVA 
WSSIOSGV BNAYUND AHL OL TYNOA YO NVHD SSAT SI NOLLVAYASEO 
ATdWYS AHL dI SSHOONS VY ONTIGHOOAN GNW ANIX AG WATT 
G4diNdWOD ANTWA WSSTOSAY dadISdd AHL LSNIVOVW NOILVAYASHO 

HOW ONTMOGHD ATHAISSAOONS AG GAZKIVNY SI aATdWWS HOW 

“@°AT NOTZLOUS NI dgaTeosdd SW SNOILVAYASHO ANWWAd 

GaLIdd dqHL WOUd GULVAND NAHL SI ATdWYS OdGNASd AHL “SHAOATINI 
OL ONILVONONL GNY ANO ONIGGY “LHSTA-ALYCA AG ONIATAHILIOW 

Ad SHYHA@WANN HOGNWHY ANO OL O8AZ FTHOTA-ALYOA INTIGNVdXd 

GaNIVLEO AYVY LHOTA-ALHYOd OL ANO WOUd SUADALNI WOGNWY AHL 
“SLINSAY AHL ONTIOVWYAAY JO ASOdUNd AHL XOX SATAWWS OdNASd GHA 
1O SNOITLILAdaY FAISSAIOONS ALWHANAS OF WYUDOUd NIVW AHL AG 
ATQULVAdT aA GATIVD SI GNW SISATIVNY FHL JO LYVAH AHL SI ATdWYS 


sag) 
zing 
TS 20) 
xe 
AO 
sist) 
rxz) 
sere 
gt 
PE oh TO) 
bs 20) 
sate) 
RIO 
me) 
raxt 
RO 
sete) 
miso) 
gts O 
obo 20) 
bo OO) 
hse) 
vat 
re Fa oO) 
YE 
uz) 
78 
ae 0) 
rig) 
ms 
wee 
BAO) 
mx 
Zi 


Be MD ME MGS ey aig he oh aoe we he ete aoe aha ade ae Som a a og og Shwe oN ay os nit a eg ala gt o24 eh oh a og ote ae aoe zag Bop ot a oe sh eae ap ae ee Kee es EO 


(ASN ’°LVHd’ Xd°X “ATILAN’ THGOWSI“MAN’ SAC’GHASI) ATAWWS ANILNONANS 


ES) 





“INI Yd “LNONDI 


(OL) SdXxa 

*(ATILAIN) XA 

“(ATILAN’ TACON) X 
‘(ATILAUN’ TAGON‘E) LVHA 


‘Goud 
LNIdlI ‘Lud 
a ‘yi 
“ATI LAN *“TH0OW 


NY oa (w)Xa = (9) Sdxd 
ATIGAN’L=H% OL OG 
(G4QN) L¥VOTAI = NV 
(o€) HSaI 3 


*NINODI ‘Lud ¥1 
/SATI4/ NOWHOD 
“(gn)v x 


“(¢€ “MaGNn) SAO y 
*“(TTILAUN’ TAGOWN’E) ASH sh 
“(gh) dHYS 
“NW ; 

halvay 
“ani “sqaDns ge 
wil | 3 
“MAN “G39 51 x 
howd O1DNI 


€i 


au 


SUi SMe ah a aia is vit abe ahesgy oth ae aotrhg gz eo ix aha Ae ope oe nk ae a gy nF Staa g ot tee oth op ad ath ata rte eae oleate oD OB ee a ae ie ae as RD) 


oP 
oa x 
on SN 
a aR 
ay SB 
AAR 
ay 
EE 
ara 
SF a8 
it e2 
sy RA 
ay 
wa Ye 
Rts 
ay oe 
ee HE 
DEF 
Pak, 


TAGOW OGNWV ATILNADNA d 


NAAI9D VW YWOd NOT LVAYASHO GNWWAGC dGaboddxd -- X 

TWIdD HOWG SASSTDONS ITINONYAG AO YAGWNN -- Sad OONS 
SNOILVANYASHO ANYWAG JO ATdWYS OdNdSd -- dW¥S 
SGdLVYWILSH ATIDNAOYdd AAILVINAWNO -- LY Hd 

SHALLVAITYAd GNY SNOTLWAYASHO AGNYWAG JO AWYUY -- Sao 
LSGL OL SHITLNADNAd AO YHAWNN -- ATILAN 

ATdWWS NI SNOITLVYAYASHO JO YAGWON -- 4 aN 

S€TILNADYAd AO YOUNA AANVNOS NVAW -- ad SW 

LSdb OL STAGOW JO YAANNH -- TAadOw 

SdO WOdd NOTLYAXYASHO WOGNVY LOATAS OL XAQGNT -- ant 
SATUNYS d¥YYaTdWVYS HONOMHL ONIONANOAS XAQNI OG -- 1 
SA€TILN3DYRd HONONHL ONTONANOAS XAQCNI OG -- »| 
STAGOW HONONHL ONIONANOAS XACNI OG -- c 

GNYT YOLVWYANAD YAAWAN WOCNWHY WOd dddisS -- daa SI 

MSIG WaADNTYd YOd NUS -- DNIYdL 

OANI OILSONOVIG dO LANULNO YOd AALAWVYYVd TOULNOOD -- LYdIL 
AXYOOGLVD GNWWAd -- I 


aieek O) 
mx 
arse 
WO) 
rege) 
aD 
xO 
at) 
rte 
wD 
we 
BO 
xa 
roo SO) 
age OD 
BO 
reg 
HD 
xO 


EG 





“GQadHOVAY 

SI SdSSad99NS JO WAAWAN dd bOddXd AHL 

TIINA GALVINWNOOW AMY SaSSTOONS “aNWHaAG 
QdboddXd dO SANIWA YAOALNI dO ASWO dHd NI 


moo OO Oo 


FANNILNOD 0 
0S OLO9 
L + sHoons = ssaons 
9 
“anwwad 2) 
GaL099dxXd OL TYNOA YO NVHL SSAT SI “ATaNYS 2) 
OGNASd GHL AG GALNAISTNMTN “ANYNAG TIVALOWV 9 
MAAANTHM SASSTDONS ITINONYAT ALWINWNNDOWV 9 
“AQNWW40 GHLOTUXT AO SANTVA NSAOTLNI-NON HOT 9 
9 
O€ OLOD (0°0 "Oa? lor’ (H’C) xX) GoW) AI 
09 o©0D ((O9’C)xX *aT° (1) aWYS) *ION’) aI 
HON’ L=T OL OC 
0 = Sa99NS 
ATILAN’tL=¥% O8 OG 
CF (OLO’ININdI)SLIUM (G °HO* LYdI) JI 
THGON’ L=£ 06 OA 

9 
ATdWW¥S OGNASd HOWA YOM SATIUNADUAd ATAWYS ALNAWOD 5 
9 


(HGN’L=T’ (DT) UWS) (OOO ININGI)ALINN (GS *39° Ld) AI 
ANNIGNOD 02 
(.’anr)Sgdo = (1) dWWS 
1 + (NY « (1) W)XIdI = GNI 
HGN’°L=TI OZ OG 
(o°c “HAN’ V’CASSI)GNAYT TIVO 


SHTdWYS OdGNASd ALVYANAD 


me 1) OMe 


GANILNOO 0 


117 





GNa 

(O°ZLds *YONNRT GTUVNOS 0°t°Gd’s ALITIGVGO'd wAAILVYINNNDO.) LwNuod 
(,S3TIENGONTd .’°7T cht’. AHL LV s 9 

*O°TLGA ASI 26 ’°O°ZLA ss CAT” ATAWYS OGNASd ALI TIGvaoudo.s) LYNHOd 


(Li's some THQOW w2420.) LYHUOd 
((/’0°SdIOZ“OTLIE 4s ATAWYS OGNAISdOs) LYNUOT 
NUNLay 
ANNILNOD 

ATNNLLNooO 


(n’e’T) ash’ (°C?) LvVHd (O€O’LNINdUI) ALINM (G °39° Dd) al 
cun((y) Xd - qouydgd) + (N’r’r)asn = (y’r’I) aSW 
qouaq + (y’e’i)LVHa = (y’C’I)LVHad 


ALTILNADdd TWOLLAHYOAHL HOVE LY NOITLNGTYLSIG HOV Od 
ATILNA DWdd GALYWILSA GNY YOUNR AAUWNOS ALVINWNIDOY 


(yw) xa Gouda’ (M4) xX (OZO7INTNGI) ALLUM (SG °AD° LUdI) AI 
NY / (Sa90DNS) LYOTI = doulda 
ANNILNOD 
ANNI INOD 
ANNILNOO 
ANNIENOD 
L + sg99nS = SH99NS 
Oh OLOD ((y)SadXad cD? (SIDDNS) LYOTA) AI 


0&9 


OCF 
OLY 
009 


06 
08 


CO ONS, 


09 
OS 
On 


118 





a HB 
al 
yi 
PER 
ae 
i Be 
ay 
iB 
ai 
eB 
ag 8 
AB 
Bs | 
i 
eB} 
oF 
% 3 
a 
Hy ER 
oy 8 
ale 
a 
pes 
ig & 
a aS 
oy 
pak) 
a HB 
oH 
a oN 
Be 4 
ig 3% 
eB 


AZTIVWHUON OF dasn 


“SNOT Litdddd dO YAAWNN TWLOR 


TIGOW GNV AYOOALWO GNWWdd HOVd Yod 


SATILNADYAd YAAO GAWNWNS HOUMA AUWNOS NVAW TVLOT 


dadisdi TWdow 


GQNY AITIIENGO4dd HOWd YOd SNOLTLEdddd 


adTdW¥S OdNdSd do 


NOIZLGVIAGG GUYVGNVLS ITINONYd € 


ATILNADYAad GNWY THCOW “ANOODALVOD ANWHAG 
HOWS YOd SALWWILSH ATIDNdDNdd AATLWIAWN O 
SNOILLiddddd aATdNWYS OdGNdASd dO YAAWON 
LSdL OL SdATILNdOvdd ATdWWYS dO YdHAWNN 


TWADLOV 


Gad dSd dL 


TAGOW GNVY ATILZNGOYdd HOVd YOd 


SNOILIGd ddd ATdNYS OdNdASd dO NWAW ITINONYd a 


dq TILNdOYd d 


"SA GaLIIGIYd JO YOUNA GauvNoS NWA 


AGNLS OL STAGCOW JO YAWN 


SATILNADNAd HONOYMHL ONIONANOGS XAANT OG 
STAGOW HONOYHL ONIONANOAS XAACNI OG 


ASIG YaINTYd dO NUS 


AYOOd LYOD GNWWAd HOW NI SdTdWWS dO UINNOD 
LSdL YAGNN ATdWYS WOd AMOODALWO AGNWWAd 
LSdL OL SATILNADYAd NOTAAGIYLSIG 

QaLSdL TACOW HOVE dO AWWN Yd LOWNVHO 


SQNWWAd HOIH GNW WNiddlW 


“MOT YOd SFTLIVOOALVD GNYWAd AO SEINTOd NVI 


JNIOVY AAV 
INIDZNdWOOD DONITAG ASOHL 
YON IW A‘INO 


-SdTAaVIUWA JO NOLIN ddd 


“THGOWN ONY SSY¥IO GNYWGGC HOWE NOK Youd 
GAuYvYNOS NWHN AOVHAAWY AHL ONIIVLOL GNY NOUN aauynos 
*“NOILWIAAG GUVGNVLS SLI GNVY SNTIVA d AOVHSAY FNL 
*~ENdLNO AG GAWNOANAd AUNV SNOIDVINdWoOd 
“LYOddau LAdINO AHL ALVYANGS OL dasn SI ANY 
WYNDONd NIVW AHL AG GATIVO ANIDNOYGNS IVNIA AHL SI LNdtno 


STWIUL 


aS WL 


AG LS 


LY Hd 
Sd dun 
ATILdNn 


NW 


a SW 
TAA OW 
»,| 

c 

ENT d1 
JI 

I 

Xd 
YiS510 


LW 


NVGW GHd 


Yre) 
xe) 
xeete 
race.) 
x42) 
Git.) 
uxt 
sanz) 
uve 
wit) 
xtre 
he oO) 
rive) 
RD 
xr 
ae OD 
xtrge 
fie) 
ra% J 
opr 
xx) 
iE 0 
range) 
sae) 
taxz) 
HIRO 
sare 
ste 
iz) 
at) 
sixege .) 
ray 
TOES 30) 
rave) 


aE oa 0 meta ay vine oe fs aft ape gaat aps abs aera ys aha ay abn ape aha ae oe ae oh an ae ape ga via ig ot aa Bo a age na age ah So ess hat aie oh ge a hers RO 


(LVWO’ ASN’ BWHd “OI XA°SdAUN’ATIACAIN’TAIGON) INdLNO ANILNONANS 


reg 





(STWINL /((y) nW - O°L) « (YD nw) LHosS = (4) AGLS 
STWINL / (N’C’%I) IwHa = (yO 
ATIGTGN’ tL=y OL OG 
0°O = ASNL 
(7 TILGN’ t=’ (9) Xd) “(od UESIa (OL9O’°INTUdI) ALM 
(L+t) avo’ (1) avo’ (TL) AONWE’ (LT) OT’SdATUN (O009°INI YdL)ALIUM 4 
Cle S05 rt) “uo: (re=Ga? £) “NO> 4b *0a* &)) AT 
THGON’L=£ OZ OG 
o€ OOD (0°O *O8° STYINL) aI 
(SdHUN ¢ (2)DI) LVOTI = STVIUG 
€’t=I OF OG 
\ cls ae vO (€) LYOD 
0°7t wm (2) EYD = (2) L¥D 
(Of) NSGI 2) 
“INIYdI “LNONOI “NINOOL *LYdI a 
/SATIA/ NOWNOD 


/ ODILSIOOT-LITINONYGG *, IVWHONSOT-LTINON UGG 4 
*, IVWILNANOd XT-ITINON YG *,OILSI9O1» io 
‘,AOWTd W111 *, TWNWYON DOT» i 
* sIVIGDNANOdXG « ’ sITUN YON o of 
‘,sTIVIWONIG AAILVOIN, “ NOSS 10d ./(0L) ULSI sf 
TEXATANOD 
/sHOTHs “sWNIGINs’ shOT 7 (€) FON WU m 
8 eT VA 
SIVIUL * (OL) ACLS v1 
*(oL) aW “AS WAL sf 
“(A TILAN’TIGOW‘’E) LWHd “(JTILAN’ T3GOW’E) ASH 33 
(hb) LW (A TILAN) Xd st 
fh eTVau 
LNIUdI “JT TILAN “SddUN “THQ OW Pe 
*(€) OT “yi ake ‘1 y 
134d OF INI 
oS eta aS aS aos ale oy ate Le OB wa aaa A eke RS ek ERR ahs oD MUR a aan ok op a a ap Be ace te a ae tees oD aa ae aa ete oie se Rada 
i te 
re SddUN SAWIL ANYOOTLVD GNYWAC Yad 


ee SWGL1 AJNIT A0 LNNOOD SV GaTINdNOD > “SHUNSIA TWNId 


120 





ang 
(,80-3.°Z7°84’s 2ASW TWLOL 1°/°9°OLKS’ ASW ») LYNHOd 
(9°0LAS’s AGG ais .)2wwuod 
(9°OLdG’.s NVGW ») LWWHNOd 


(Z°OLaS’Xzb ‘4/2. (d) SHTIXNI SONA TXT 7’aSALWYWILSA 2» 
*/*OLVZ’s NOILNGINLSIG 1°/) LYWYOd 
(,UWAR Ud 2 ’°7°Ld’s DO OD ab °GdstAONWA GNVWAGs. “LY’X9 
*/*.,SEaTAWVS OGNASd s’hi’s. dO HOWT NOM SNOILIZGG SY 1’71°X9) LWWHOd 
NUNLAY 
AFNNILNOOD 
ANNIDLNOD 
ASNHL’(ATILAN’ b=’ (ne? ID ASH) (OhHO7ENTUdI) ILINA 
nOTO°L 4 ASHI = ASHI 
(TTIDAN’L=N’ (MD AGLIS) (OF9°INIYGI) GLIVM 
(TTILAN’L=N’ (MD OW) (OCO“°ENT NGI) aALIUAN 
ANNILNOD 
(y’e’I) ASW + ASWL = ASHI 
SITWINL / (’er’I)asSW = (y’e’1)asH 


0On9 
OE 9 
0c 9 
OL9 
009 


O£€ 
Oc 


Ot 


as 





10. 


Eis tao her ERENCES 


School, Monterey GA, 1975. 


0.S. Navy Fleet Matecial Support Office Report 120, 
Probability Distributions for Leadtime Denand, by T. 


Tupper, November 1975. 


Lilliefors, H. W., "Jn the Kolmogorov-Smirnov Test for 
the Exponential Distribution with Mean Unknown", Ameri- 
can Statistical Association Journal, V. 64, pp. 38/-38 
March 1969. 


Ne) 
SY 


Mageey, Geeand Whitin, I.M%., A 
tems, p. 166, Prentice-Hall, 1 


Nahmias, S. and Demmy, W.S., The Logarithaic Poisson 


presented at ORSA - [IMS Joint National Meeting, 
Houston TX, October 1981. : 


Mommcon, Neue and Kotz, So, Distributions in Statis=- 


Mee §-7, HOUuGhton Mifflin, 1970. 


Navy Fleet Material Support Office Operations Analysis 
Report 128, User's Manual for SA (Aviation Afloa* and 
Ashore Allowance Analyzer), by J. W. Sari, R. J. 


Gabriel, J. P. Shinskie and B. 8. Sloan, 1 March 1977. 


Meno be, 'DOOtSt rap Methods: Another Look at the 
Mace cte "= The Annals of Statistics, V. 7, No. 1, 


Boaet-20, t979. 


ool _ Random Number Package- 


ae ee 


Lewis ani L. Uribe, February 


Naval Postgraduat 
Naval Postqraduat 


aa See GE Be me SS Se Se a oe 


LLRANDOMII, by P. 


2 School Report NPS55-81-005, The New 
e_sch 
A. W. 


Bicht@sOn,eNeGe and Kotz, S., Distributions in Statis- 


> <> SP com> Do cu cs cm See SG ee ee cee eee 


ae ae a ee SO eee eee ee ee ee es ee ee ce ms Se 


Beeeti2z-'20, Houghton Mzttlin, 1970. 


i122 





BIBLIOGRAPHY 


Mma=ascOn, J. Ds, “FOrecasting and Stock Control for 
Intermittent Demands" Operations Research Quarterly, V. 23, 
Boe 209-303, September 1972. 


Ross, S. M., Applied Probability Models with Optimizat 


Boe 628-645, July-August 1981. 


Sweet, A. L., “An Ad Hoc Method for Forecasting Series with 
Mmomvaries’, ALi Transact ions, Ve. 12, po. 97-103, 
March 1980. 


= SS ae reas > aS = 
= Se SS ee ee oe a SS SS SS See ay, ee ee ee se 22 SE ss a oe ee SS SS Se SS ee ee es ee, ee ee 


Tnactive Items, by E. Gotwals III, September 1980. 


23 





ENIETEAT DISTRIBUTION LIST 


ees 


Defense Technical Tnformation Center 
Cameron Station 
Alexandria, VA 22314 


Defense Logistics Studies Information Exchange 
U. S. Army Logistics Management Center 
Fort Lee, VA 23807 


Library, Code 0742 
Naval Postgraduate School 
Monterey, CA 93940 


Ccmmander 

ATTN: Code OUA 

Naval Supply Systems Command 
Washington, DC 20376 


Department Chairman, Code 55Mt 
Department of Operations Research 
Naval Pestgraduate School 
Monterey, CA 93940 


Professor Peter A. We. Lewis, Code 55Lw 
Department of Operations Research 
Naval Postgraduate School 

Montersy, CA 93940 


Professor Alan W. McMasters, Code 54g 
Department of Administrat 
Naval Postgraduate School 
Monterey, CA 93940 


Professor Donald P. Gaver Jr., Code 55Gv 
Department of Operations Researc 

Naval Postgraduate School 

Monterey, CA 93940 


Professor Russéll Richards, Ccde 55Rh 
Department of Operations Research 
Naval Postgraduate School 

Monterey, CA 93940 


124 


Copies 





10. 


11. 


2. 


Nes. 


14, 


ier 


Commanding Officer 

RTIN= ) Code 93 

Navy Fleet Material Support Office 
Mechanicsburg, PA 17055 


Commanding Cfficer 

ATTN: Code 799 

Ships Parts Control Canter 
Mechanicsburg, PA 17055 


Mr. Bernard Rosenmann, Chief 

U. S. Army Inventory Research Office 
Room 800, Custcm House 

2nd and Chestnut Sts. 

Philadelphia, PA 19106 


Paes oe ebesutta Jra, Code XRSL 
Operations Analysis Of fice 

Headquarters Air Forces Logistic Command 
Wright-Patterson Air Force Base, OH 45433 


Commanding Officer 

Rone «6 LCR Charles F. Taylor, Code 9RA 
Navy Fleet Material Support Office 
Mechanicsburg, PA 17055 


Commanding Officer 

Pouwue) LCDR Mark Le. Yount, Code SDB4-A 
Aviation Supply Office 

700 Rorbins Avenue 

Philadelphia, PA 19111 


te) 

















